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Foreword 


I had the chance to witness the conception 
of Overactive Bladder Syndrome as a 
product of two bright and leading brains 
as Paul Abrams and Alan Wein, with their 
ability to involve and ignite the experts 
network and coagulate their knowledge 
and expertise. I must admit — despite my 
reservations — that this has been a major 
advance in the communication with non- 
experts in functional urology and a tremen- 
dous instrument to raise the awareness of 
the clinical relevance of urinary urgency 
and related lower urinary symptoms. It 
has been a remarkable fruit of a magic 
period in which major revisions of lower 
urinary tract related terminology have been 
undertaken. Noticeably, while to describe 
the occurrence of urgency with/without 
frequency with/without urinary inconti- 
nence the wording target has been the 
bladder (OABs), almost simultaneously an 
organ-related wording such as prostatism 
or prostatic symptoms has been abandoned 
in preference of a more descriptive 
terminology that has became extremely 


popular and efficacious (Lower Urinary 
Tract Symptoms: LUTS). The continuously 
progressing knowledge about the physio- 
pathology of badder dysfunctions by means 
of functional CNS imaging and basic 
research shows, with increased evidence, 
that in most instances the etiopathogenesis 
of bladder-related syndromes 
relies on alterations of bladder control 
outside the target organ. Consequently I 
am convinced that a term such as “Altered 
Bladder Control” will be more adherent 
to our present knowledge, more open to 
future interpretations, and equally easy 
to understand for a non-expert. Others will 
witness a second magic period with bright 
changes of terminology such as those clev- 
erly introduced with the wording of 
Overactive Bladder. 


symptom 


Walter Artibani 

Professor and Chair of Urology 

at the University of Verona 

General Secretary of the International 
Continence Society (2005-2007) 


Foreword: The impact of Overactive 
Bladder on Urogynecology 


As providers of care to women with urogy- 
necologic problems, our practice patterns 
have largely been determined by two main 
variables: (i) the identification and impact 
assessment of quality of life problems 
related to pelvic floor dysfunction, and (ii) 
development of new technology and inno- 
vations aimed at reducing the burden of 
these conditions. Overactive bladder cer- 
tainly fits within this paradigm. That over- 
active bladder has a significant QOL impact 
on its sufferers is certain. A multiplicity 
of instruments have been developed to 
better quantify individual impact, and 
we — as clinicians — have developed dis- 
ease classification schemes (and termi- 
nology) designed at better understanding 
the condition. In parallel, researchers and 
industry have developed 
therapeutic modalities, from pharmaco- 
therapy to rehabilitative and neuromodu- 
lation modalities. As a result, our patients 
have received significant benefit, and we 
can tell each OAB patient with certainty 
that we will be able to “make you better.” 
In my various roles within the Interna- 
tional Urogynecological Association 
(IUGA), I have been witness to this evolu- 
tion of the role of OAB in our field. IUGA, 
like other large professional associations 
focused on pelvic floor dysfunction, has 
been able to better fulfill its mission in 
large part due to the expanded role of OAB 
within our field. Those of us who have 
been in practice more than 20 years will 


innovative 


recall times when our annual meeting pre- 
sentations and industry booths 
largely focused on epidemiology, urody- 
namics techniques, and basic prolapse 
repair techniques. Our only OAB treatment 
modalities, besides physiotherapy, were 
anticholinergic meds that had been avail- 
able for many years and were thus not 
actively marketed. The involvement of 
industry in our field led to the massive 
expansion in clinical and research activity 
we have recently witnessed. I can identify 
two main turning points responsible for 
the phenomenon: the launch of toltero- 
dine by Pharmacia, and the launch of 
suburethral sling kits such as TVT by 
Gynecare and other companies. Industry 
involvement allowed IUGA to increase 
funding for educational programs, expand 
the scope and size of the annual meeting, 
and fund the organizational infrastructure 
required to maintain the association’s 
engine running. It has been a very exciting 
ride. The future brings about yet more 
technology and expanded therapeutic 
options. Will a neuromodulation or che- 
momodulation company be our next 
Pharmacia? Will stem cells or tissue modu- 
lation technology open doors to other 
novel therapeutic approaches? One thing 
is certain: we will have new options to 
offer OAB and urogynecologic 
patients. And, that will continue to fuel 
our research, education, and organiza- 
tional efforts. 


were 


our 


Foreword xi 


As our knowledge on pelvic floor 
problems expands, this book on Overactive 
Bladder provides the reader with an up- 
to-date source of data and information 
that will allow him/her to better care for 
OAB patients. Congratulations and thanks 


to Jacques Corcos, Scott MacDiamid, and 
John Heesakers for this very timely text. 


G. Willy Davila, MD 
President, International Urogynecological 
Association (IUGA) 


Foreword 


Overactive bladder syndrome remains an 
enigma that significantly affects the health 
and wellbeing of 12-17% of adult men 
and women throughout the world. The 
development of this term to describe the 
symptom complex of urgency, frequency, 
and nocturia with or without urgency 
urinary incontinence became a necessity 
16 years ago with the introduction of the 
first new medication to treat this constella- 
tion of symptoms in over two decades. 
North American trials of tolterodine failed 
to show that it worked better than placebo 
to reduce urinary incontinence episodes, 
and thus it could not be marketed to 
treat urgency urinary incontinence. This 
seemingly bad news for a pharmaceutical 
company turned out to be a bonanza for 
all parties involved. Admitting to having 
urgency urinary incontinence was a marked 
deterrent to patients seeking care for these 
symptoms. However, patients had far less 
embarrassment in seeking care for their 
overactive bladder syndrome. The direct to 
consumer marketing efforts for tolterodine 
and the seven branded products that fol- 
lowed in the next decade have dramatically 
increased the number of patients willing 
to seek care for their overactive bladders 
from about 1 in 13, 15 years ago, to 1 in 5 
more recently. Along with this has come 


xii 


increased attention from the industry and 
the investment community, which has 
helped to dramatically increase funding 
and research into new technologies and 
compounds to address the treatment of 
overactive bladder syndrome and related 
conditions over the last decade. This finan- 
cial bounty has also spilled over into sup- 
porting the activities of our professional 
societies and increased grant funding for 
young investigators. While I and many 
academicians resented the introduction 
of this term, it has greatly benefitted all 
involved in the care of these men and 
women; but mostly it has benefitted our 
patients. This has also served as an excellent 
model of how industry and the academic 
community can work together to help pro- 
mote our mutual goals and to help further 
the care of our patients. 

What does the future hold for the 
treatment of overactive bladder syn- 
drome? With changes in healthcare 
delivery systems and funding in North 
America will we see continued innovation 
and spending on new therapies for our 
patients with overactive bladder syn- 
drome? These questions remain to be 
answered, but as this excellent textbook 
attests, there are still great minds that 


remain dedicated to answering the 
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important questions that remain for those 
affected by overactive bladder syndrome. 
The editors have assembled a great group 
of authors who represent some of the best 
minds in our field. Hopefully, reading this 
text will inspire other young investigators 
to take on the challenge of innovating and 
seeking out the important answers that 
will lead to a complete understanding of 


the pathophysiology of the overactive 
bladder syndrome and its cure. 


Peter K. Sand, MD 

Professor of Obstetrics & Gynecology 
Director, Evanston Continence Center 
NorthShore University HealthSystem 
University of Chicago, Pritzker School of 
Medicine 


Preface 


Two years ago, the publisher approached 
me with the suggestion that I become the 
editor of a textbook about OAB. Initially, 
I was reluctant to accept this invitation 
because I was starting my editorial duties 
for the third edition of the Textbook of the 
Neurogenic Bladder. While considering my 
options, it became apparent that there 
was a crucial need for such a book, due to 
recent developments in the understand- 
ing of this specific topic. General interest 
in a non-life-threatening disease is directly 
proportional to the interest shown by the 
pharmaceuticals industry. OAB is a good 
example of this equation. Industry sup- 
ported research has allowed us to pro- 
duce good epidemiological studies and 
well-developed basic research to better 
understand the pathophysiology as well 
as new molecules and techniques to treat 
the condition. The sum of this recent 
knowledge serves as the foundation of 
this book. 

My co-editors are two individuals with 
advanced expertise in the field: one living 
and practicing in North America and 
one living and practicing in Europe. Each 
continent has its own particularities in 
the practice of medicine, resulting in a 
diverse variety of approaches. Scott and 
John bring different perspectives as co- 
editors, which allows for thorough reviews 
of each chapter. 

Together, we have designed the table 
of contents, trying to be as didactic as pos- 
sible in the divisions of our book. After a 


xiv 


short introduction to the topic, there is a 
review of current knowledge on patho- 
physiology. The book continues with chap- 
ters about evaluation practices, including 
the timing of evaluation, which may vary 
for each patient depending on where the 
medical practice is located. The interview 
and physical examination are consid- 
ered, including questionnaires, which are 
extremely useful in the initial assessment 
of OAB cases. Urodynamics is essential in 
the evaluation of neurogenic detrusor over- 
activity but has become optional in primary 
OAB evaluation. 

Treatment chapters follow, divided into 
first-line, second-line, and third-line ther- 
apies, as well as surgery. Behavioral and 
lifestyle modifications are extremely impor- 
tant in primary and secondary OAB treat- 
ments and a significant addition to any 
other form of treatment. Physiotherapy 
is another treatment option for OAB, 
although it is not widely used for this pur- 
pose in North America at the present time. 
A review of the currently available and 
potential future medications is an impor- 
tant part of this book, considering that most 
of our patients use at least one drug to con- 
trol symptoms at varying stages of the 
disease. Co-medication is the focus of an 
entire chapter because we think that it is 
under-used. Other forms of non-invasive, 
frequently forgotten techniques are the 
basis of the next chapter, which reviews 
knowledge on bladder training, acupuncture, 
naturopathic and herbal remedies, magnetic 
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stimulation, catheters, and tissue engi- 
neering. Three other important chapters 
cover the role of two neuromodulation 
modalities and botulinum toxin injections, 
approaches in which significant progress 
has been made over the last decade. It is 
important to note that these approaches 
can be employed differently, one before 
the other one, depending on physician 
experience and place of practice. Finally, 
the surgical approach, used frequently in 
neurogenic conditions, completes the treat- 
ment section of the book. The last part 
of the book addresses important consider- 
ations regarding special populations: older 
people and men with outlet obstruction. 
In conclusion, a synthesis chapter provides 
a practical clinical summary of the principal 
themes of the book. 

The contributor selection process was 
exceedingly difficult, since we have so 
many highly competent colleagues and 


friends with expertise in OAB. We apolo- 
gize to those who are not participating 
in this venture and congratulate all the 
authors for the high quality of their work 
and for their efforts in (almost) respecting 
the deadlines. We are proud of the end 
result of this collaboration and we believe 
that this book will be very useful for learn- 
ers at all stages: medical students, residents, 
and established physicians. This book will 
be practical for other healthcare profes- 
sionals, with first-hand involvement in 
treating the potentially debilitating symp- 
toms of OAB. Additionally, members of the 
industry can gain a better understanding 
of the condition and an overview of what 
their peers can offer to treat OAB. 

May this book provide inspiration to 
present and future medical professionals 
in this field! 


Jacques Corcos MD 


Left to right: Dr. Scott MacDiarmid, Dr. Jacques Corcos, and Dr. John Heesakkers 


SECTION 1 
Introduction 


CHAPTER 1 


Overactive bladder: terminology 
and problem spectrum 


John Heesakkers 


Department of Urology, Radboud University Medical Center, Nijmegen, The Netherlands 


KEY POINTS 


e The key symptom in the OAB syndrome is urgency, which can be interpreted in many different ways. 
e Urgency is difficult to appreciate by patients and caregivers. 


e Therefore incidence and prevalence data have to be looked at with caution. 


It is a challenge to really appreciate the 
exact terminology introduced to describe 
the symptoms and suffering from overac- 
tive bladder complaints. 

In the last part of the 20th century 
the term urge incontinence was used fre- 
quently to describe the situation in which 
there is a strong sensation to go to the 
toilet and void or lose urine and when 
someone is in the process of getting there 
in time. However there were also patients 
who complained of frequent voiding and 
the feeling of needing to void who were 
often not incontinent. The compelling 
sensation was particularly regarded as 
abnormal. In 1988 Paul Abrams called this 
sensation “urgency,” defined as: a strong 
desire to void accompanied by fear of leak- 
age or fear of pain (1988). [1] Although 
anyone could more or less understood 
which group of patients was meant, it was 
not easy to test this definition: not every 


patient had a fear of leakage or fear of pain. 
In 2002 this was further specified and 
explained as: the complaint of a sudden 
compelling desire to pass urine, which is 
difficult to defer. [2] Again, it was not easy 
to define what was sudden, compelling, 
and difficult to defer. 

In 2002 the ICS defined overactive 
bladder complaints as: a medical condition 
referring to the symptom of urgency with 
or without urge incontinence, usually with 
frequency and nocturia. Other pathology 
like a urinary tract infection should be 
ruled out or treated. Urgency is the most 
important symptom here. It is a sensory 
sensation that makes you go to the toilet 
often (=frequency). If you have to do that 
at night it is called nocturia and if you do 
not get in time to the toilet it causes incon- 
tinence. It also means that urgency alone 
constitutes the OAB symptom syndrome. 
It is felt to be important to distinguish 
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and John Heesakkers. 


© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd. 
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urgency, which is regarded as pathological, 
from urge which is the normal, healthy 
strong sensation to go to the toilet. This 
is difficult to understand for non-native 
English speakers because the translation 
of urgency or urge to another language is 
very often exactly the same. However, 
many contributions have been made by 
key experts on OAB in the past in order 
to explain the difference and also its path- 
ophysiological mechanism. Chris Chapple 
contributed in 2005 to the discussion with 
the following. “It is important to differen- 
tiate between ‘urge’ which is a normal 
physiologic sensation, and urgency which 
we consider pathological. Central to this 
distinction is the debate over whether 
urgency is merely an extreme form of 
‘urge.’ If this was a continuum, then normal 
people could experience urgency, but in 
the model we propose, urgency is always 
abnormal. ”[3] Michel and Chapple postu- 
lated that urgency originates in pathology 
while urge does not. “The mechanisms of 
urgency differ from those involved in the 
symptom of urge, which occurs during a 
physiologic bladder filling (C-fibers sup- 
posed to convey urgency and A-delta-fibers 
supposed to convey urge).” [4] Jerry Blaivas 
noted that: “Urgency is comprised of at least 
two different sensations. One is an intensifi- 
cation of the normal urge to void and the 
other is a different sensation. The implica- 
tions of this distinction are important insofar 
as they may have different etiologies and 
respond differently to treatment.” [5] 

So this all means that urge is a healthy 
sensation and urgency a not-healthy sensa- 
tion, the latter based on pathology, the first 
on normal physiology. To attach frequency, 
nocturia, and incontinence to the driver of 
the syndrome had three consequences. The 
first was that to include and exclude patients 


in studies one had to find a translation 
of urgency into a workable definition. For 
frequency, for instance, this meant more 
than 8 times per 24 hours. The second was 
that the applied definition would influence 
the prevalence OAB. The third and most 
important consequence was that one had 
the feeling that a patient fitted into a path- 
ological entity whereas the whole complex 
could also be a symptom without patho- 
physiological backing. 

The late Norman Zinner addressed 
this point in an elegant debate with Paul 
Abrams in Neurourology and Urodynamics. 
He started by saying : “So OAB is urgency, 
with or without incontinence, usually with 
frequency and nocturia. This implies that 
incontinence, frequency and nocturia alone 
is not OAB. It also means that urgency 
without frequency, nocturia or inconti- 
nence, is OAB. So urgency alone is OAB, 
but what is it? We need descriptive terms 
like urgency to communicate, but not to 
make them medical terms and a ‘syndrome’ 
out of a constellation of unproven ambigu- 
ities.” [6] Paul Abrams responded to that by 
saying that perhaps his relationship to the 
term “OAB” is rather like his relationship 
to the motor car: I deprecate its effect on the 
environment, but I am not about to give it 
up! [7] Zinner stated that the phrase OAB is 
misleading because it “makes it too easy for 
clinicians to feel they have made a diagnosis 
when they have not.” [8] 

So although there still is a debate about 
the existence, meaning, and pathophysio- 
logical backing of urgency and the OAB 
syndrome, every clinician dealing with a 
patient group that fits the definition knows 
what is meant by it. 

The used definition, the translation in 
various languages, the validation process 
of questionnaires, and the interpretation of 
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the respondents account for the number 
of people affected by OAB. 

Studies from Milsom and Stewart et al. 
claimed that about 13-17% of the population 
suffer from OAB. [9, 10] This equates to 
about 49 million people in Europe; the 
prevalence increases with age. OAB is more 
present in women than in men. Others 
found other percentages. Wen et al. looked 
at prevalences in a Chinese population of 
more than 10 000 people. He found that 
OAB dry is present in 1.1% of the Chinese 
population and in 1.0% when one uses 
the OAB Symptom Score. OAB increases 
with age and more men than women suf- 
fer from it. [11] 

OAB is also a chronic disease. Despite all 
the effort that is put in by caretakers, 88% 
of women that have OAB will still have it 
after 10 years. [12] 

If the amount of bother is taken into 
account one must conclude that, as com- 
pared to the voiding phase and the post- 
micturition phase of the micturition cycle, 
the filling phase problems like OAB cause 
more bother. [13] OAB bother also com- 
pares well in comparison to other chronic 
diseases like diabetes mellitus or hyperten- 
sion. [14] 

Various reports have been published that 
look at the costs of the diagnosis and the 
treatment of overactive bladder complaints. 
Apart from that, the remnant costs after 
failed or not-100%-successful treatment of 
containment are also substantial. If the 
costs of disability for work are taken into 
account too, the total costs are very impres- 
sive. A study from Onukwugha et al. esti- 
mated the disease-specific total costs of 
OAB from the societal perspective and 
using an average costing method in the 
USA. [15]. This was done by analyzing 
a population-based survey, a claims data 


analysis, and the published literature. They 
applied the data in those community dwell- 
ing adults reporting the presence of urinary 
urgency or urgency urinary incontinence 
as “often” on a Likert scale. Based on the 
data they estimated the disease related cost 
at 25 billion dollars. If even the real cost 
were 25% of this figure one must conclude 
that OAB has a high impact on society, let 
alone on the individual patient. 
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KEY POINTS 


e Urinary incontinence caused by detrusor overactivity (DO) remains a major problem for 

many people with neurological disorders. According to the Standardization published by the 
nternational Continence Society, DO is an urodynamic observation characterized by involuntary 
detrusor contractions during the filling phase which may be spontaneous or provoked. [1] 


e DO may also, whenever possible, be classified as neurogenic detrusor overactivity (NDO) when 
there is a relevant neurological condition, or idiopathic detrusor overactivity (IDO) when there 

is no defined cause. A variety of neurological diseases that affect brain structures and spinal 
pathways involved in the coordination of lower urinary tract function may cause NDO, including 
multiple sclerosis, spinal cord injury (SCI), meningomyelocele (MMC), stroke, cerebral palsy, and 
so on. 


Overactive bladder syndrome (OAB) is a symptom complex including urgency, with or without 
urge incontinence, but usually with frequency and nocturia. This symptom combination is sug- 
gestive of detrusor overactivity which can be demonstrated by urodynamics, but it can also be 
due to other forms of urethrovesical dysfunction. 


Introduction 


Urinary incontinence caused by detrusor 
overactivity (DO) remains a major problem 
for many people with neurological 
disorders. According to the Standardization 
published by the International Continence 
Society, DO is an urodynamic observation 
characterized by involuntary detrusor con- 
tractions during the filling phase which 
may be spontaneous or provoked. [1] DO 
may also, whenever possible, be classified 


as neurogenic detrusor overactivity (NDO) 
when there is a relevant neurological 
condition, or idiopathic detrusor overac- 
tivity (IDO) when there is no defined cause. 
A variety of neurological diseases that affect 
brain and spinal pathways 
involved in the coordination of lower 
urinary tract function may cause NDO, 
including multiple sclerosis, spinal cord 
injury (SCI), meningomyelocele (MMC), 
stroke, cerebral palsy, and so on. Overactive 
bladder syndrome (OAB) is a symptom 
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Impaired afferent 
output 


Decreased inhibition 
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Figure 2.1 Changes in the innervation can lead to impairment of afferent and efferent signaling at 
different levels. Source: Adapted from Andersson 2004. [2] Reproduced with permission of Nature 


Publishing Group. 


complex including urgency, with or without 
urge but 
frequency and nocturia. This symptom 
combination is suggestive of detrusor 
overactivity which can be demonstrated by 
urodynamics, but it can also be due to other 
forms of urethrovesical dysfunction. 

Next to DO, sphincteric problems may 
complicate the clinical picture. Sphincter 
overactivity and underactivity can both 
occur. The coordination between bladder 
and sphincter can be lost, leading to 
bladder emptying disorders and increased 
intravesical pressures. Of all these prob- 
lems DO with sphincter overactivity is 
probably the most important, since persis- 
tent high intravesical pressures may lead to 
reflux and subsequent 


incontinence, usually with 


vesico-ureteral 
renal damage. 

The underlying mechanisms are com- 
plex and involve changes in afferent and 
efferent processing and also include histo- 
logical changes in the bladder 
(Figure 2.1). 


wall 


This chapter will give a short pragmatic 
overview of the current understanding of 
the pathophysiology of neurogenic bladder 
disorders and will give some information 
about animal models that are being used to 
study this condition. 


The innervation of the 
bladder 


The voluntary control over the bladder 
function requires complex peripheral and 
central innervation. 


The central innervation 

The brain 

Different parts of the brain are important 
for the regulation of the micturition cycle. 
These centers include the pontine micturi- 
tion center (also known as Barrington’s 
nucleus), the cerebral cortex, the paraven- 
tricular nucleus (PVN), the medial preoptic 
area (MPOA) and periventricular nucleus 
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(PeriVN) of the hypothalamus, the periaq- 
ueductal gray (PAG), the locus coeruleus 
(LC) and subcoeruleus, the red nucleus 
(Red N.), the raphe nuclei, and the A5 nor- 
adrenergic cell group. [3] 

During the storage phase, afferent 
input from the spinal cord will travel to the 
PAG. From there the information is sent to 
the hypothalamus and thalamus, the 
anterior cingulate cortex (ACC), the insula 
and the lateral prefrontal cortex (LPFC). 
The lateral prefrontal cortex relates to the 
medial prefrontal cortex (MPFC). At this 
site the decision to void or not to void is 
made. During the filling phase, the MPFC 
will inhibit the PAG and subsequently the 
PMC. At the initiation of the voiding phase, 
the MPFC will no longer inhibit the PAG 
and PMC and voiding will occur through 


Prefrontal 


Anterior 
cortex 


cingulate 


i cortex 
| 


relaxation of the urethral sphincter and 
contraction of the detrusor (Figure 2.2) 
The PMC will send motoric output signals 
to the sacral nuclei. During voiding afferent 
input is continuously sent to the PAG until 
the bladder is empty. [4] 


The spinal cord 

The regulation of micturition requires con- 
nections between the brain and 
sympathetic, parasympathetic, and somatic 
systems in the spinal cord. Parasympathetic 
and sympathetic neurons are located in the 
intermediate gray matter of the spinal 
cord sacral and lumbar segments. 
Parasympathetic neurons send dendrites 
into the dorsal commissure and into the 
lateral funiculus and lateral dorsal horn of 
the spinal cord and exhibit an extensive 


Thalamus 


Hypothalamus 


Afferent 
input 


Basal ganglia 


Cerebellum 


Pontine micturition 
center 


Efferent 
output 


Figure 2.2 The different parts of the brain that play a part in the control of the filling and emptying 
phase of the bladder cycle. Source: Adapted from Fowler 2008. [4] Reproduced with permission of 


Nature Publishing Group. 
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axon collateral system that is distributed 
bilaterally in the cord. A similar axon col- 
lateral system has not been identified in 
sympathetic preganglionic neurons. The 
somatic motor neurons that innervate the 
external urethral sphincter are located in 
the ventral horn (lamina IX) in Onuf’s 
nucleus, have a similar arrangement of 
transverse dendrites, and have an exten- 
sive system of longitudinal dendrites that 
travel within Onuf’s nucleus. 

Interneurons in the lumbosacral spinal 
cord are located in the dorsal commissure, 
the dorsal horn, and the 
parasympathetic nucleus. Some of these 
interneurons send long projections to the 
brain, whereas others make local connec- 
tions in the spinal cord and participate in 
segmental spinal reflexes. 

Afferent from the bladder 
project to regions of the spinal cord that 
contain interneurons and parasympathetic 
dendrites. Pudendal afferent pathways 
from the urethra and the urethral sphincter 
exhibit a similar pattern of termination. 
The overlap between bladder and urethral 
afferents in the lateral dorsal horn and the 
dorsal commissure indicates that these 
regions are probably important sites of vis- 
cerosomatic integration that might be 
in coordinating bladder and 
sphincter activity. [5] 


superficial 


nerves 


involved 


The peripheral innervation 

Innervation of the LUT arises from three 
sets of nerves: (i) pelvic, (ii) hypogastric, 
and (iii) pudendal. The three nerves 
convey both motor and sensory input 
onto the LUT. Whereas the pelvic nerve 
provides the 
bladder, the hypogastric nerve provides 
inhibitory input to the bladder and excit- 
atory input to the bladder outlet. The 


an excitatory input to 


pudendal nerve innervates the striated 
muscle of the sphincter and the pelvic 
floor. 

The sympathetic innervation origi- 
nates in the thoracolumbar of the spinal 
cord. Sympathetic postganglionic nerves 
release noradrenaline, which by activating 
63-adrenergic receptors on the detrusor 
muscle is known to relax the bladder and 
to contract the urethra and the bladder 
neck with the activation of a-adrenergic 
receptors. It is worth noting that the last 
drug developed to relieve patients from 
OAB specifically targets $3-adrenergic 
receptors. [6] 

The parasympathetic and somatic 
nerves arise from the sacral segments of 
the spinal cords and convey both efferent 
and afferent information. Excitation of 
parasympathetic efferents causes release 
of acetylcholine and non-adrenergic, non- 
cholinergic (NANC) neurotransmitters. 
The acetylcholine, which is generally seen 
as the main neurotransmitter in the 
voiding cycle, and of ATP at the nerve 
endings. [7] These transmitters act on 
muscarinic (mainly mAChR2 and mAChR3) 
and purinergic (mainly P2X1) receptors, 
respectively, to cause detrusor smooth 
muscle contraction. [8, 9] The relative 
importance of both signaling molecules is 
highly dependent on the species, which 
means that data from animal research 
must be interpreted with care when 
translated to human pathology. [10] In 
rats, ATP plays a substantial role in the ini- 
tiation of the voiding contraction, whereas 
its role seems to be much less important in 
humans. [10, 11] Little is known about 
the effect of the NANC transmitters release 
in bladder function. They have been 
reported to modulate urothelium and 
lamina propria contractility properties in 
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pigs. [12] Moreover, in diabetic and spinal 
cord injury rats [13, 14], the contraction 
induced by NANC is modified compared to 
controls animals. Interestingly, those 
changes in bladder function may involve 
additional, P2X-receptor independent 
mechanisms. [13] However, to date, there 
is no clear consensus on the molecules 
hidden behind the NANC. 

Somatic cholinergic motor nerves that 
supply the striated external urethral 
sphincter arise in S2-S4 motor neurons in 
Onuf’s nucleus and travel through the 
pudendal nerves. At the same spinal level 
another (more medial) motor nucleus 
innervates the pelvic floor muscles. 

Sensory information from the bladder 
travels through the pelvic and hypogastric 
nerves, whereas sensory input from the 
bladder neck and the urethra is carried in 
the pudendal and hypogastric nerves. The 
afferent nerves consist of myelinated (AS) 
and unmyelinated (C) axons. The thin, 
myelinated A6-fibres convey information 
about bladder filling. The C-fibers are 
insensitive to bladder filling under 
physiological conditions (they are there- 
fore termed “silent” C-fibers) and respond 
primarily to noxious stimuli such as 
chemical irritation or cooling. The cell 
bodies of Ad-fibers and C-fibers are located 
in the dorsal root ganglia (DRG) at the 
level of S2-S4 and T1 1-L2 spinal segments. 
A dense nexus of sensory nerves has been 
identified in the suburothelial layer of the 
urinary bladder in both humans and 
animals, with some terminal fibers project- 
ing into the urothelium. This suburothelial 
plexus is particularly prominent at the 
bladder neck but is relatively sparse at the 
dome of the bladder and is thought to 
be critical in the sensory function of the 
urothelium. 


Alteration at any level of the neuronal 
control of micturition could theoretically 
induce NDO. Indeed, a modified afferent 
activity, decreased capacity of the CNS to 
process afferent information, decreased 
suprapontine inhibition, or increased sen- 
sitivity to contraction-mediated transmit- 
ters in the bladder might be involved in 
NDO genesis. [2, 15] 


The genesis of the NDO: 
three hypothesis 


Three main hypotheses have been pro- 
posed to explain the pathophysiological 
basis of DO: neurogenic, [15] myogenic, 
[16] and integrative. [17] 


The neurogenic hypothesis 

The neurogenic hypothesis arises from the 
observation that plasticity occurs in neu- 
ronal control of the bladder after trauma. 
Various changes in peripheral and central 
neural pathways could lead to bladder 
overactivity. These include (i) a reduction 
in peripheral of central inhibition; (ii) an 
enhancement of excitatory transmission in 
the (iii) 
increased primary afferent input from the 
bladder; and (iv) emergence of bladder 
reflexes that are resistant to central inhibi- 
tion. Therefore, the damage to central inhi- 
bition, or sensitization of peripheral afferent 
terminals, in the bladder wall can unmask 
that trigger 


micturition reflex pathway; 


primitive voiding reflexes 
bladder overactivity. 


The myogenic hypothesis 

In NDO animal models and patients, the 
detrusor ultrastructure is modified, which 
may facilitate the propagation of electrical 
coupling between muscle cells, leading to 
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increased excitability. [18] The myogenic 
hypothesis suggests that the common fea- 
ture underlying detrusor overactivity in 
animals and humans is a change in the 
properties of smooth muscle that allows 
local activity to spread throughout the 
bladder wall. The hypothesis stipulates that 
even though there is a close relationship 
between end organs and their innervations, 
and alteration in one is likely to result in 
alterations in the other, the myogenic basis 
of bladder overactivity does not preclude 
the involvement of alterations in the neu- 
ronal pathways of the micturition reflex. 


The integrative hypothesis 

The integrative hypothesis proposes that 
interstitial cells, urothelium, and peripheral 
nerves contribute to normal generation of 
(localized 
activity) of the bladder wall, leading to low 
pressure sensing of the filling state. In 
patients or animal models, the micromo- 
tions are enhanced; with a wider propaga- 
tion of spontaneous activity and sending of 
exaggerated sensory information, giving 
rise to urgency. [19-22] 


micromotions spontaneous 


The link to the clinic 


Depending on the localization and 
extension of the neurological lesion of 
pathology the clinical picture can change. 
Usually these pathologies are classified as 
being suprapontine, suprasacral-infrapon- 
tine, or infrasacral. This classification relates 
to the important relay centers that are 
involved in the neural control of bladder, 
sphincter, and pelvic floor (brain centers 
controlling the PMC, the spinal cord with 
the parasympathetic nuclei and Onuf’s 
nucleus, and the peripheral innervation). 
Knowledge about the exact nature and 
localization of the neurological problem will 
allow the clinician to predict the urological 
phenotype to some degree (Figure 2.3). 


Suprapontine lesions 

The processing of afferent and efferent 
information may become problematic. 
Generally speaking the central inhibition 
of the micturition reflex during the filling 
phase will become less efficient. Urgency 
with or without DO can occur. During the 
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Figure 2.3 Depending on the location of the neurological lesion, several types of bladder and sphincter 


behavior can be expected. 
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voiding phase few or no abnormalities are 
seen, since the spinal mechanisms are still 
intact, provided that the PMC can be 
activated. Examples are Parkinson’s dis- 
ease, early multiple sclerosis, traumatic 
brain injury, brain tumors, cerebrovascular 
accidents, and so on. 


Suprasacral-infrapontine lesions 

Afferent information (especially from A6 
fibers) can no longer travel through the 
spinal tracts and efferent signals traveling 
down may not reach the sacral centers. C- 
fiber dependent sacral reflexes will become 
apparent, leading to inappropriate detrusor 
contractions and poor coordination between 
the bladder outlet and the detrusor. High 
pressures can 
consequence of inappropriate detrusor con- 
tractions against a closed sphincter. This 
phenomenon is called “detrusor-sphincter 
dyssynergia.” These high intravesical pres- 
sures can lead to vesico-ureteral reflux with 
subsequent renal insufficiency. Examples are 
spinal cord injury, multiple sclerosis, spinal 
compression, transverse myelitis, and so on. 


intravesical arise as a 


Peripheral lesions 

When the (afferent and 
efferent) between the end-organs and the 
spinal cord is disrupted, the bladder and 
sphincter become more or less denervated. 
Depending on the extent and nature of the 
lesions this can lead to an underactive 
bladder with severely impaired or absent 
bladder sensations. Clinically this will pre- 
sent with overflow incontinence, reten- 
tion, and eventually sphincter weakness. 
This can be seen in a variety of conditions 
such as cauda equina syndromes, surgical 
removal of the pelvic plexus during cancer 
surgery for anorectal or cervical malig- 
nancies, and so on. 


innervation 


The neurological pathologies 
responsible for the 
development of the 
neurogenic bladder 


Animal models 

As human studies and research using 
human material are inherently limited 
because of the implications associated with 
such investigations, our understanding of 
the lower urinary tract function is incom- 
plete. Much of our knowledge of bladder 
function has come from in vitro but it is 
difficult to extrapolate the conclusions of 
these types of studies. Indeed, ideally, 
animal models should reproduce all the 
facets of the human condition, but it is 
inconceivable that any single animal 
model will replicate all the aspects of a 
human condition which are by definition 
different from patient to patient, plus 
human bladder physiology differs from 
animals. For instance, the nerve-mediated 
contractions of rodent bladders are medi- 
ated by cholinergic and purinergic neuro- 
transmitters whilst human bladder 
contraction is almost solely controlled by 
acetylcholine — although alternative con- 
traction mechanisms (purinergic, 
cholinergic non adrenergic, NANC) appear 
in pathological states. 

Therefore, animal models must be 
viewed as tools and not as a mirror to under- 
stand pathological mechanisms within the 
limit of the models. 


non- 


Spinal cord transection/injury 

The spinal cord injury model is the most 
used animal research model to study NDO. 
The degree of dysfunction is related to the 
disease process itself, the area of the spinal 
cord injured, and the severity of the neuro- 
logical impairment. Immediately after the 
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injury, a spinal shock phase is followed by 
hyperreflexia of the striated muscle, the 
sphincter, and the bladder, leading to a huge 
increase in bladder pressure that might 
affect bladder tissue cyto-architecture. 


Plasticity of the afferent bladder 
neurons 

Following that phase, it is commonly 
believed that the overactive bladder phe- 
notype is underlined by the appearance of 
a C-fiber-mediated micturition reflex due 
to reorganization of synaptic connections 
in the spinal cord concomitantly with the 
plasticity of the dorsal root ganglion neu- 
rons. Chronic SCI is accompanied by the 
hypertrophy of bladder afferent neurons 
[23] and an up-regulation of the calcitonin 
gene-related peptide (CGRP) [24, 25] and 
pituitary adenylaceclase-activating poly- 
peptide (PACAP) content that is likely to 
facilitate bladder reflex contractions and 
contribute to bladder dysfunction. [26, 27] 
Moreover, SCI also results in alteration in 
the electrophysiological properties of 
bladder-innervating sensory neurons. On 
the one hand, sodium current expression 
shifts from high-threshold tetrodotoxin 
(TTX)-resistant to low-threshold TTX 
sensitive. On the other hand, A-type 
potassium currents are suppressed in SCI 
rats. [28-30] Peptidergic and non-peptide- 
rgic sensory neuron connectivity is also 
altered in chronic SCI as sprouting of the 
central roots occurs. All together, the 
afferent neurons innervating the bladder 
are more likely to trigger action potentials 
with smaller stimuli. [31] 


Plasticity of the spinal cord 

SCI induces central reorganization with 
the formation of new synapses and 
alteration to preexisting ones. [32] The 


balance between excitatory and inhibi- 
tory transmission in the bladder control 
pathway might be altered. Indeed, the 
glutamatergic transmission is modified 
[33] with a decreased GABA A receptor 
[34] These neurochemical 
alterations may be involved in bladder 
dysfunction. 


activation. 


Parkinson animal models 

Parkinson disease is one of the most 
common neurological causes of NDO and 
symptoms become more severe as the dis- 
ease progresses and affect up to 90% of 
patients. [35] Parkinsonism can be induced 
in animals by administering a neurotoxin 
that induces DO. [36] This model has led 
us to understand the 
central dopaminergic pathways that have 
both excitatory and inhibitory effects on 
rat bladder function. Activation of the D1- 
like receptor might tonically inhibit the 
micturition reflex while D2-like receptors 
facilitate it. [28] 


involvement of 


Experimental auto-immune 
encephalomyelitis model 

The vast majority of patients with multiple 
sclerosis (MS) develop bladder control and 
NDO often refractory to antimuscarinics. 
Moreover, 60% of MS patients show detru- 
sor-sphincter dyssynergia, an abnormality 
characterized by obstruction of urinary out- 
flow as a result of discoordinated contrac- 
tion of the urethral sphincter muscle and 
the bladder detrusor muscle. Myelin basic 
protein (MBP) can be used as an antigen for 
inducing experimental allergic encephalo- 
myelitis (EAE) in rodents and has widely 
been used as a model for MS. It was shown 
that bladder walls undergo morphological 
changes. Indeed, a significant increase in 
the bladder-weight-to-body-weight ratio 
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and marked bladder remodeling with 
increased luminal area and tissue hyper- 
trophy. Despite increased amounts of all 
tissue components (urothelium, smooth 
muscle, and connective tissue), the ratio of 
connective tissue to muscle increased signif- 
icantly in EAE mice compared with control 
mice [37] (Figure 2.4). 

Bladder dysfunction in EAE rats is 
transient, reversible, and leads to more 
frequent voiding events. Interestingly, the 
functional alterations occur concomitantly 
with hind limb paralysis and inflammatory 
changes in the spinal cord [38] and the 
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Figure 2.4 Clinical score (CS) is correlated to bladder 
tissue remodeling in EAE mice. (a) The bladder- 
weight-to-body-weight ratio increase correlates with 
increasing clinical score (CS) in EAE mice compared 
to CFA-immunized mice. (b) Histological 
examination showed bladder hypertrophy and 
lumen dilation in the EAE mice relative to the CFA 
control mice, corresponding with increasing CS. 
(For color detail, please see color plate section). 


bladder remodeling corresponds to EAE 
severity, suggesting that at least part of the 
urinary symptoms arise from local changes 
in the bladder. [39] 


Multiple system atrophy 
Multiple system atrophy (MSA) 
sporadic adult-onset neurodegenerative 
disorder that features motor impairment 
and autonomic dysfunction. [40] Non- 
motor features (i.e., urogenital dysfunction) 
are often premonitory of MSA onset. [41] 
Retrospective data analyses indicate that 
urological symptoms emerge early and 
may precede the neurological presentation 
by several years in the majority of MSA 
patients. [42] 

Transgenic mice with targeted overex- 
pression of human aSyn (haSyn) in oligo- 
dendroglia have been developed to 
reproduce GCIs and to study related mech- 
anisms of neurodegeneration relevant to 
the human disease. [43] Several recent 
neuropathological findings in transgenic 
mice with oligodendroglial overexpression 
of haSyn under the proteolipid protein 
(PLP) promoter, [44, 45] including 
progressive neurodegeneration of the sub- 
stantia nigra pars compacta (SNc), locus 
coeruleus, and Onuf’s nucleus suggest 
possible urinary dysfunction in the MSA 
model similar to that in human MSA. [46] 
Indeed, in those mice, urodynamic anal- 
ysis revealed a less efficient and unstable 
bladder with increased voiding contraction 
amplitude, higher frequency of non-voiding 
contractions, and increased post-void 
residual volume. MSA mice bladder walls 
showed early detrusor hypertrophy and 
age-related urothelium hypertrophy. All 
together, these results strongly suggest that 
this mice model could be used in pre- 
clinical studies. [47] 


is a 
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Histological changes 


Next to the reorganization of the innerva- 
tion, local changes in the bladder wall can 
occur as a consequence of neurological 
diseases. The detrusor, lamina propria, and 
urothelium will undergo changes that 
might contribute to altered generation of 
afferent signals and abnormal responses to 
efferent output. 


The detrusor 

At the ultrastructural level, a common 
feature seen in NDO bladders from 
patients and animal models is the presence 
of protrusion junctions and ultraclose 
abutments between the smooth muscle 
cells, features occurring only rarely in 
normal tissue. [48] 


The urothelium 

The urothelium is the epithelial lining 
of the urinary tract between the renal 
pelvis and the urinary bladder. Three cells 
layers compose the urothelium: a basal cell 
layer attached to the basement layer, an 
intermediate layer, and apically a layer 
composed of large cells named “umbrella 
cells.” Those cells are connected with tight 
junctions that create a physical barrier 
towards water, solutes, and urea. Historically, 
the urothelium has been viewed primarily 
as a barrier; it is now recognized to be 
a structure that reacts to chemical and 
physical stimuli by releasing signaling 
molecules. Accumulative evidences have 
shown that urothelium expresses many 
different receptors involved in noci- and 
mechanoception, such as neurotrophin 
receptor (IrkA and p75), norepinephrine 
(a and B), cytokines, purine receptor (P2Xs 


and P2Ys), transient receptor channels 
i.e., TRPV4). 

The urothelium is known to reciprocally 
communicate with afferent nerves running 
below and within it and some authors have 
hypothesized that SCI would impact the 
urothelial cell barrier function and its mor- 
phology unless the exact contribution of the 
urothelium on the development of NDO is 
unknown. [49] Indeed, although a lot of 
studies have focused on alterations in the 
detrusor muscle and its innervation after 
SCI, much less is understood about changes 
in the urothelium morphology and its 
function. Apodaca et al. described that SCI 
is accompanied by disruption of the urothe- 
lium with a loss of umbrella cells that 
induced a decrease of the transepithelial 
resistance and permeability to water and 
urea. The observed alterations are most 
likely due to urinary retention and overdis- 
tension of the urothelium as when the 
spinal reflex is recovered, between two and 
three weeks following the injury, the 
barrier function was recovered — although 
the apical cells remained smaller. Prior to 
SCI, treatment of the animals with hexa- 
methonium (a ganglionic blocker) and 
capsaicin ameliorated the SCI-induced 
decreased of the transepithelial resistance, 
strongly suggesting an intimate relation 
between the urothelium and the nervous 
system. [48] 


The lamina propria 

The lamina propria stands between the 
urothelium and the detrusor and contains 
the interstitial cells. Because of their 
particular organization just underneath 
the urothelium, the interstitial cells have 
attracted the interest of many investigators 
because they could embody a structural 
and functional link between urothelial 
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cells and sensory nerves and/or between 
urothelial cells and detrusor smooth 
muscle cells. The guinea-pig interstitial 
cells have spontaneous and neurogenic 
oscillations suggesting their 
functional innervation and indicating that 
bladder ICC sub-populations are under 
direct control of the complex innervation 
that governs normal bladder function. [50] 

Moreover, these cells might be involved 
in the pathophysiology of functional bladder 
disorders, where local signaling processes 
are thought to play important roles. In MS 
patients, the ultrastructural and immuno- 
histochemical phenotype of interstitial cells 
show modest changes. In NDO bladders the 
interstitial cells express fewer actin filaments 


calcium 


together with a decreased expression of 
alpha smooth muscle actin and also fewer 
caveolae. These changes feature a trend 
toward a fibroblast phenotype with a differ- 
ent topographical organization of those cells. 
Furthermore, the interstitial cells area is sig- 
nificantly broadened in NDO bladders with a 
remarkable less-dense intercellular matrix 
and a broadened space between cell layers. 
In NDO bladders, frequent close apposition 
of lymphocytes and ULP ICLC was found. 
[51, 52] In SCI rats, the lamina propria and 
detrusor interstitial cells are ultrastructurally 
damaged post-SCI with retracted/lost cell 
processes and were adjacent to areas of cel- 
lular debris and neuronal degradation [53] 
(Figure 2.5). 


Figure 2.5 Morphological modification of lamina propria. Characterization of upper lamina propria 
interstitial cells in bladders from control (a) and (c) and MS patients (b) and (d) with CD34 (a) and (b) 
and SMA (c) and (d). Scale bar: 50pm. Source: Adapted from Gevaert 2011 [52]. Reproduced with 
permission of John Wiley & Sons Ltd. (For color detail, please see color plate section). 
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Figure 2.6 The C-fiber reflex. Following spinal cord injury, AS-fibers are overruled by C-fibers after a 
few days or weeks. The activation of these C-fibers can lead to unvoluntary detrusor contractions. Next 
to these changes in afferent innervation the bladder wall itself also undergoes changes. 


The functional implications of these 
observations remain to be determined, but 
it is likely that these are some of the many 
elements contributing to altered bladder 
function in MS patients. [54] 


The neuronal structure 

Studies carried out in animal models have 
demonstrated that procedures such as spinal 
section of urethral obstruction lead to an 
increase in size of both the afferent neurons 
in the dorsal root ganglia [55] and the efferent 
neurons in the pelvic plexus. [56, 57] 


Conclusions 


Neurological diseases can have a devas- 
tating effect on the control of bladder, ure- 
thral sphincter, pelvic floor musculature, 
and bowel. Acute neurological trauma, 
such as spinal cord or brain injury, will 


have different impact than progressive 
diseases such as multiple sclerosis or 
Parkinson’s disease. 

Changes can occur in the central mech- 
anisms (brain and spinal cord), but the end 
organs also undergo changes. 
Reorganizing nerves (e.g., the appearance 
of the C-fiber reflex, Figure 2.6), receptor 
plasticity, and even changes in the detrusor 
and urothelium will lead to a complex 
clinical picture. At this moment few animal 
models can be used to study these changes 
in detail. Much more research will be 
needed to elucidate these complex changes. 


will 
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KEY POINTS 


improve in the hands of qualified physicians. 


vigilant follow-up. 


management. 


e Many OAB patients remain untreated despite the fact that OAB symptoms can significantly 


Successful treatment of OAB depends on a detailed evaluation to confirm the diagnosis and on 


Recognizing patients who could benefit from a specialist evaluation is key to avoid delay in 


Patients and their physicians need to set defined goals with realistic expectations leaning more 
towards improvement in quality of life than complete OAB symptom resolution. 


Overactive bladder (OAB) is a common 
problem with a detrimental effect on 
quality of life. The overall prevalence of 
overactive bladder symptoms in individuals 
aged over 40 years has been estimated at 
10.7-17.4%. [1-3] Despite this prevalence 
rate and the significant impact on quality of 
life, OAB is widely underdiagnosed, with 
fewer than 50% of those affected receiving 
medical attention. [4] The perception that 
the problem is a natural consequence of 
aging, embarrassment, and fear of surgery 
are all common reasons reported by older 
adults for not seeking professional help. 
Although geriatricians are familiar with the 
condition, not all primary care physicians 
have received the same formal training to 
provide basic evaluation and management. 
The focus of this chapter is to describe the 


timing of evaluation and indications for 
specialist referral. 

As the prevalence of overactive bladder 
symptoms increases with advancing age, 
physicians can expect to be faced with 
patients with OAB more 
frequently than in the past. Family practice 
physicians and geriatricians are often the 
first to encounter patients with OAB symp- 
tomatology. Recent data indicates a 
dynamic progression for OAB and urinary 
incontinence, with remission in some but 
mostly persistence and gradual increase in 
symptom severity over time. [5] Therefore, 
the physician should be attentive to the 
patient’s OAB complaint as it will not only 
remain but likely worsen over time. There 
is a body of literature suggesting that an 
effective basic evaluation of OAB patients 
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can be provided by primary care physicians. 
[6, 7] Primary care physicians, geriatricians, 
and family doctors can recognize, evaluate, 
and treat OAB symptoms and provide 
individualized therapy to patients. These 
patients can be living on their own or in 
assisted-care, residential, or long-term care 
facilities. Prompt evaluation for OAB symp- 
toms should be available with treatment 
goals toimprove quality of life. Furthermore, 
OAB patients undergoing treatment should 
have realistic expectations set at the start of 
therapy to maximize adherence to therapy. 
An algorithm for primary care physicians 
and geriatricians has been developed to 
facilitate appropriate and effective work-up 
of patients with urinary symptoms. [7, 8] It 
is imperative that primary care providers be 
trained to assess and evaluate OAB patients 
and to safely exclude other causes of lower 
urinary tract symptoms. For example, it is 
imperative that reversible causes of OAB 
be addressed, including urinary tract 
infections, stool and even 
delirium. [9] Furthermore, chronic reten- 
tion leading to frequency, urgency, and 
sometimes overflow incontinence can be 
masked and attributed to OAB if a cursory 
abdominal examination misses a distended 
bladder or post-void residual is not checked. 
More concerning even would be the lack of 
recognition of carcinoma in situ of the 
bladder which may present with irritative 
symptoms and can go unrecognized for a 


impaction, 


while until a urine cytology is requested. 
Once OAB diagnosis is confirmed, 
conservative treatment options such as 
lifestyle changes and pelvic floor exercises 
should be considered, especially in elderly 
patients if they are motivated and have the 
ability to learn and remember. [10] It is the 
opinion of the authors that timely referral 
to a physiotherapist with interest in pelvic 


floor rehabilitation will optimize treatment 
outcomes for patients motivated to 
undergo pelvic floor exercises as their 
treatment of choice. Regular follow-up to 
monitor progress is essential in ensuring 
patients are experiencing durable symp- 
tomatic improvement. [11] If patients are 
unresponsive to conservative non-phar- 
macologic treatments then physicians will 
need to consider other treatment alterna- 
tives, such as pharmacologic therapy. 

Anticholinergic therapy is a commonly 
used approach in the treatment of OAB. 
Geriatricians are often concerned about 
side-effects of OAB therapy in their older 
population, despite increasing data on OAB 
drugs and their relative safety in that age 
group. Dubeau et al. assessed the efficacy 
and tolerability of anticholinergic therapies 
in subjects with overactive bladder (OAB) 
stratified by age. They noted significant 
improvement with adverse event rates sim- 
ilar among age groups. [12] 

Treatment with anticholinergic agents 
often requires dose adjustment to achieve 
optimal benefit, while balancing efficacy 
and tolerability. Such a regimen is often first 
prescribed by the primary care provider. 
However, adherence to treatment is a major 
challenge in the successful management of 
OAB with anticholinergic drugs. Some 
studies evaluating compliance with anti- 
cholinergic medications have found that the 
proportion of patients still on their original 
treatment at three months was as low as 
40%, and down to 17% by 12 months. [13, 
14] Among patients discontinuing OAB 
medications, 45% reported 
treatment expectations as the reason for 
discontinuation. Many patients expect 
significant improvement or complete dry- 
ness with treatment, which is not a realistic 
expectation for the most part. [15] The high 


unmet 
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discontinuation rate of OAB medications 
has implications for patients’ quality of life 
and might be even associated with loss of 
faith in the clinician with subsequent refusal 
for follow-up. [16] Also, inability to recog- 
nize poor compliance with OAB medica- 
tions that have potential serious side-effects 
can lead to inappropriate dose escalation, 
changes in OAB medications, invasive diag- 
nostic tests, and an increased overall cost to 
manage OAB symptoms. Unfortunately, the 
optimal timing and duration of anticholin- 
ergic therapy for OAB is still under investi- 
gation. The lack of understanding of the 
natural history and pathophysiology of 
OAB makes it difficult to give a firm 
recommendation as to the optimum dura- 
tion of therapy required before considering 
alternative therapies, leading to further 
confusion for patients. [16, 17] 

What is certain is that the management 
of OAB symptoms needs to be individual- 
ized, taking into account dosing, side- 
effects, and patient satisfaction. Behavioral 
therapy has been added to OAB drug 
therapy to enhance the outcomes of those 
suffering with urge incontinence. In the 
BE-DRI (Behavior Enhances Drug 
Reduction of Incontinence) study, follow- 
ing 10 weeks of OAB medication and 
intensive supervised behavioral training, a 
higher proportion of patients on combined 
therapy had at least a 70% reduction in 
incontinence episodes. [18] 

After a basic evaluation followed by a 
brief trial period of anticholinergic therapy 
alone or associated with behavioral therapy, 
a patient showing no sign of symptomatic 
improvement should be further evaluated. 
Indications for specialist referral are mostly 
based on expert opinion and consensus 
without much literature evidence. Timing 
of referral to a specialist is vaguely defined 


Table 3.1 Indications for specialist referral in 
patients with OAB symptoms not responding to 
first-line management 


e Persistent OAB symptoms after trials with 
behavioral treatment, drug treatment, or both 


e Persistent OAB symptoms with history of prior 
lower urinary tract surgeries (e.g., sling, prolapse 
repair, bladder injury 

e OAB symptoms with new onset neurologic 
symptoms or muscle weakness 

e OAB symptoms in the presence of pelvic organ 
prolapse 

e OAB symptoms associated with recurrent urinary 
tract infections 

e OAB symptoms with post void residual volumes 
greater than 150 ml 


and usually results from uncertainties in 
OAB diagnosis or a lack of response to 
chosen therapy. However, certain clinical 
situations warrant timely referral to a spe- 
cialist. Table 3.1 summarizes generally 
agreed upon criteria for specialist referral. 


Conclusion 


OAB symptoms are highly prevalent as 
people age. Unfortunately, many OAB 
patients undiagnosed and 
untreated despite the fact that OAB symp- 
toms can significantly improve in the 
hands of well-informed and well-trained 
physicians. Successful treatment of OAB 
depends on a detailed evaluation and 
treatment in a timely fashion with vigilant 
follow-up. Recognizing patients who could 
benefit from specialist evaluation is the key 
to avoid delays in management. It is 
also important that the patients and 
their physicians set defined goals with real- 
istic expectations leaning more towards 
improvement life than 
complete OAB symptom resolution. 
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KEY POINTS 


appropriate further investigations. 


addition to the gynecological exam. 


good inter and intra-observer reliability. 


Introduction 


Most clinicians will spend the majority of 
their professional lives taking clinical his- 
tories and examining patients. Fundamental 
to eliciting a good clinical history and 
performing a detailed examination is good 


e An accurate symptom history is a useful guide for the correct physical examination and 


A systematic approach to defining a patient's lower urinary tract symptoms as well as highlight- 
ing the most bothersome symptoms is fundamental to achieving a successful clinical outcome. 


e Urinary symptoms can be subdivided into storage, voiding, and incontinence symptoms. 


e Nocturnal enuresis, dysuria, and defecatory symptoms as well as a comprehensive past medical, 
gynaecological, and surgical history are also key to a complete evaluation. 


e Physical examination should include a relevant neurological and abdominal assessment, in 


e It must be noted that the reliability of provocative stress tests to demonstrate stress urinary 
incontinence maybe questionable if such Manoeuvres also provoke a detrusor contraction. 


Whilst the Q-tip test is a good measure of bladder neck mobility, it has not been shown to add 
any addition useful information which would affect definitive management. 


The POP-Q has been used extensively in research settings to objectively assess the short and long 
term outcomes of pelvic floor surgery. This method of quantification has been shown to have 


Questionnaires, such as the OABg, SAGA, and KHQ, allow the measurement of qualitative, 
relatively subjective concepts of wellbeing in a quantitative, objective manner. 


communication which, in turn, is influenced 
by the patient’s anxieties, interpretations of 
normality, and expectations of management 
as well as cultural preconceptions. Eliciting 
the history provides additional challenges in 
that it often uncovers sensitive, distressing, 
and potentially embarrassing symptoms 
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that may carry social stigmas and lower 
self-esteem, which precludes openness to 
volunteer information. Furthermore, the 
physical symptoms of lower urinary tract 
pathology are subjective; the severity is 
influenced by a woman’s coping strategies 
and in turn influence her quality of life. 
Good communication between the clinician 
and patient is essential to facilitating a 
focused yet comprehensive history. 


History 


The symptom history is both an important 
summary of a patient’s problems as well 
as a useful guide to help direct physical 
examination. The symptoms can help 
improve the clinician’s diagnostic accuracy. 
However, history is not useful as the sole 
method of diagnosis; diagnosis based on 
history and examination is correct in only 
65% of patients. [1] This not only enables 
the clinician to develop an idea of what 
symptoms are most bothersome to the 
patient, but also allows a contempora- 
neous account of the patient’s symptoms 
and coping mechanisms as well as aids an 
autonomous platform on which they can 
volunteer potentially embarrassing symp- 
toms. Often the patient will not describe 
all their bladder symptoms independently 
and validated questionnaires 
useful adjuncts to complete the symptom 
enquiry. Questionnaires have also been 
shown, if self-completed, to be more accu- 
rate an assessment of the patient’s disease 
state than direct questioning by an inter- 
viewer. [2, 3] A thorough understanding 
of the underlying mechanisms and patho- 
physiology of the overactive bladder is 
pertinent to undertaking a focused clinical 
history. A logical, systematic approach is 


serve as 


always important to illustrate a compre- 
hensive clinical history and avoid missing 
important symptoms. 

Urinary symptoms can be subdivided 
into storage, voiding, and incontinence 
symptoms. [4] 


Storage symptoms 

Frequency — The number of times a woman 

voids in her waking hours. Normal daytime 

frequency ranges between four and seven 
voids per day. Despite women with detrusor 
overactivity (DO) voiding more frequently, 
frequency is not diagnostic of DO [5] or of 

urodynamic stress incontinence (USI). [6] 

From the reverse perspective, women who 

void infrequently are at risk of developing 

voiding difficulty. [7] 

Causes of abnormal urinary frequency 
can be divided into four main groups: 

1 Increased fluid intake and urine output 
(normal bladder capacity) (e.g., osmotic 
diuresis, abnormal antidiuretic hormone 
secretion, polydipsia). 

2 Reduced functional bladder capacity 
(e.g., inflamed bladder, DO, habitual, 
increased bladder sensation). 

3 Reduced structural bladder capacity 
(e.g., fibrosis after infection or irradia- 
tion, interstitial cystitis, post-surgical, 
detrusor hypertrophy). 

4 Decreased urinary frequency (e.g., 
detrusor hypotonia, impaired bladder 
sensation, reduced fluid intake). 

Clustering voids during a particular 
time of day may suggest diuretic use, 
habitual, dependent oedema, or excessive 
drinking. 

Nocturia — the number of times a woman 
is woken from sleep to pass urine. The clinician 
should be careful not to confuse this with 
nocturnal enuresis or voiding whilst the 
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woman is awake at night. Normal number 
of voids varies with age, with anything 
more than once at night for a woman less 
than 70 years being abnormal and one 
additional void per decade thereafter being 
normal (e.g., two or less for an 80 year old, 
three or less for a 90 year old). Subclinical 
cardiac failure in the elderly may cause 
increased pooling of fluid in the extracel- 
lular compartment during the day, which 
in turn shifts from the 
compartment particularly in dependent 
areas such as the legs during the night 
when the patient becomes supine, thereby 
stimulating diuresis. [8] Reducing fluid 
intake in the evening does not reduce 
nocturia. [9] 

Urgency - the sudden compelling desire to 
pass urine which is difficult to defer. Often this 
symptom can lead to urgency urinary 
incontinence if not relieved immediately 
and should be considered an abnormal 
symptom if it occurs more than once per 
week. The term overactive bladder often 
encompasses the symptom of urgency and 
is defined as urgency with or without urgency 
usually with frequency and 
nocturia in the absence of an underlying meta- 
bolic or pathological condition. The impact of 
this symptom on the patient can often be 
quantified by a bladder diary recording 
episodes of urgency or using a visual 
analog scale (see later). 

Bladder pain - severity may correlate 
with bladder filling, however it can persist 
post micturition as the bladder walls touch. 
In patients with DO, the pain may coincide 
with detrusor contractions. The pain can 
vary in nature and is typically located either 
supra- or retropubically. Aetiology may 


intravascular 


incontinence 


include inflammation, endometriosis, 
bladder calculi, or tumors, all of which 
require further investigation with a 


cystoscopy and/or bladder wall biopsy. 
Pelvic inflammatory disease may be consid- 
ered in patients with urethral pain as this is 
described as a burning sensation when 
passing urine or during sexual intercourse. 
This diagnosis should be considered in the 
context of concomitant symptoms (e.g., 
suprapubic pain, pyrexia, or 
discharge). 


vaginal 


Voiding symptoms 
Hesitancy — difficulty in initiation of micturi- 
tion resulting in a delay in the onset of voiding 
after the patient is ready to pass urine. It is 
important to note the volumes voided if 
this symptom is suggested in the history, as 
this a rare symptom in women and is more 
common [10] Furthermore, 
women with DO may report symptoms of 
hesitancy secondary to small volumes 
being passed due to urgency and fre- 
quency. Hesitancy with a full bladder is 
suggestive of detrusor sphincter dysynergia 
(a contracting urethral sphincter during 
detrusor contraction), urethra strictures, 
detrusor acontractility, or psychological 
inhibition of the voiding reflex. The 
symptom is neither discriminatory nor 
diagnostic in any of these pathologies. 
Straining — the increased and sustained 
muscular effort used to increase the intra- 
abdominal pressure to maintain or improve the 
urinary stream. Bladder emptying may be 
improved through a Valsalva manoeuvre 
thereby the 
pressure. The urinary stream may be inter- 
mittent with each transient increase in 
flow correlating with a temporary increase 
in intra-abdominal pressure. Chronic 
straining may lead to pelvic floor prolapse, 
which in turn can compound the symptom 
of straining by creating a functional ure- 
thral obstruction. 


in men. 


increasing intravesical 
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Poor and intermittent flow — the 
urinary flow stops and starts on one or more 
occasion during micturition. This symptom 
may precede straining and may be also 
associated with a poor stream. The urinary 
flow is dependent on the volume of urine 
passed, so that volumes increasing up until 
150ml lead to increased urinary flow rates, 
but volumes over 700 ml lead to a decreased 
flow rate due to bladder over distension. 
The maximum flow rate increases as the 
volume in the bladder decreases in cases of 
detrusor hypotonia. In this situation the 
detrusor pressure generated by the bladder 
increases as the bladder volume declines. 

A frequency volume chart aids proper 
assessment of this symptom by document- 
ing the volumes voided and should be used 
if the volume of urine passed is less than 
150ml at free flow rate. Aetiology may 
include reduced volumes voided, bladder 
outflow obstruction (2% 
decreased contractility (which may be 
neuropathic or myopathic). 

Incomplete emptying - the feeling of 
incomplete bladder emptying experienced by the 
patient after micturition is complete. The 
symptom maybe secondary to urine 
remaining in the bladder, a sensory abnor- 
mality (increased or nonspecific sensory 
abnormalities often seen in neurological 
patients), or in patients with DO in whom 
after-contractions are present. It is impor- 
tant to bear in mind that the symptom 
does not necessarily correlate with an 
actual raised post-micturition residual 
volume. 

Post-micturition dribble —- the 
involuntary loss of urine immediately after the 
patient has completed micturition usually as 
they arise from the toilet. The symptom 
should be distinguished from terminal 
dribbling, which is continuous with the 


women) or 


main flow of urine. Aetiology includes a 
urethral diverticulum, a cystourethrocele, 
or after-contractions in detrusor overac- 
tivity (where the urgency is often reported). 


Incontinence symptoms 

describes any 
involuntary loss Symptoms 
should be carefully delineated to deter- 
mine the cause of leakage. It is important 
to recognize that urinary incontinence is 
not a diagnosis but a symptom or a sign, 
often with a complex integration of one or 
more pathological processes, coping strat- 
egies, health seeking behavior, and effects 
on quality of life. Severe urinary inconti- 


Urinary incontinence 


of urine. 


nence produces many symptoms common 
to different diagnostic categories. 

The type, frequency, pattern, precipi- 
tating factors, and severity of incontinence 
should be elicited in the history as well as 
the social impact and effects on hygiene. 
Continuous urinary loss is rare and is usu- 
ally seen when there is an ectopic ureter or 
a fistula (e.g., as a complication of pelvic 
surgery, obstetric injury, or radiotherapy). 
Intermittent urinary incontinence may be 
seen in women who have had multiple 
previous operations and have a fixed, 
fibrosed “drain pipe” (Blaivas type 3) ure- 
thra. [11] Women who report urinary loss 
“all the time” may have severe detrusor 
overactivity. Precipitating factors should be 
linked to the pattern of urinary loss, for 
example leakage may be associated with 
physical 
intercourse. The severity can be more 
objectively quantified frequency 
volume charts, the number of pads or 
underwear changed in 24 hours, or the 
magnitude of the provoking stimulus. 

There is often little correlation between 
diagnosis and 


strenuous activity or sexual 


via 


urodynamic symptoms 
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described by the patient. This often reflects 
the lifestyle modifications and coping strat- 
egies the woman undertakes to help relieve 
her incontinence symptoms in her daily 
life; this highlights the importance of a 
clear and comprehensive clinical history in 
addition to urodynamic investigation. 

Urgency urinary incontinence — the 
involuntary leakage of urine accompanied by or 
preceded by urgency. The characteristics of 
incontinence should be delineated here, 
that is a small, episodic loss of urine bet- 
ween micturition or a large leakage precip- 
itated by certain events (e.g., running 
water, keys in the front door, during 
orgasm or external temperature varia- 
tions). It is important to bear in mind that 
women often cope by increasing their fre- 
quency of micturition to avoid embarrass- 
ing incontinent events. The symptom of 
UUI has limited sensitivity (78%) and 
specificity (39%) in the diagnosis of detru- 
sor overactivity. [12] 

Stress urinary incontinence -— the 
involuntary loss of urine on effort or exertion, 
or on coughing or sneezing. There is no 
associated urgency and the symptom 
must be carefully differentiated from 
urgency urinary incontinence which 
may coexist, with up to 9% of patients 
reporting symptoms of pure SUI having a 
diagnosis of detrusor overactivity on 
urodynamic testing. [13] Only 39% of 
women reporting stress urinary inconti- 
nence actually have urodynamic stress 
incontinence. [14] 

Mixed incontinence - it is very 
common for women to report symptoms of 
both SUI and UUI; therefore it is important 
to determine the balance of symptoms, 
chronological order of presentation, [15] 
and respective burden of these symptoms 
on the patient’s quality of life. 


Coital incontinence — the leakage of 
urine during sexual arousal, penetration, during 
intercourse or at orgasm. Careful and sensitive 
questioning may help elude the aetiology 
of coital incontinence; often urinary leak- 
age on penetration is more likely to be a 
symptom of urethral sphincter incompe- 
tence, [16] whilst leakage at orgasm may 
be more likely associated with DO. [17, 18] 


Other 

Nocturnal enuresis — the loss of urine dur- 
ing sleep. Nocturnal enuresis can be pri- 
mary (starts in childhood and persists 
through to adulthood) or secondary (when 
the incontinence starts in adulthood fol- 
lowing a period of night time continence). 
Careful enquiry should include questions 
about diurnal symptoms, family history of 
symptoms, symptoms of overactive 
bladder, and sleep patterns. Delayed 
bladder control in adulthood is associated 
with DO in adulthood. 

Dysuria — pain on passing urine often 
experienced in the urethra. The importance of 
a clear history of associated symptoms is 
underlined with this symptom of multiple 
aetiologies. Often described as “a burning 
sensation” whilst passing urine and imme- 
diately after micturition is complete, dys- 
uria may be associated with hematuria 
(trauma, calculi, tumor, infection), bladder 
pain, loin pain (renal pathology), fever, 
vaginal discharge (pelvic inflammatory dis- 
ease), superficial dyspareunia (endometri- 
osis). The character of the sensation may 
help elude a cause (e.g., stinging and infec- 
tion, discomfort and obstruction, or 
pressure and prolapse). Pain must also be 
characterized by its frequency (including 
possible cyclical nature), duration, precipi- 
tating and relieving factors, and exact loca- 
tion. Dysuria associated with bladder pain 
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or hematuria should always warrant 
further cystoscopic investigation. 
Constipation - although constipation 
is not a lower urinary tract symptom per 
se, careful questioning in the clinical his- 
tory remains an essential part of managing 
urinary symptoms. Despite there being no 
absolute definition of constipation, it is 
typically described as infrequent bowel 
movements (three or less per week) which 
are hard to pass (straining more than 25% 
of the time). [19] The physiological process 
of normal defecation of the bowel is similar 
to the process of micturition from the 
bladder. The relationship between consti- 
pation and lower urinary tract symptoms 
has been extensively [20] 
Overlapping neural the 
peripheral nervous system explain a com- 
plex and intimate relationship between 
bowel and bladder function. Whereas it 
may often be assumed that chronic consti- 
pation may be a cause of LUTS, the clini- 
cian must be careful not to ignore the 
possibility of a 
pathology. Finally, whilst treatment for 
chronic constipation may indeed decrease 
OAB symptoms, OAB treatment may para- 
doxically create constipation. [21] 


reviewed. 
pathways in 


common underlying 


Prolapse symptoms 

Pelvic organ prolapse symptoms may be 
volunteered by a woman without direct 
specific 
enquiry if she considers these less bother- 
some and potentially less relevant than her 
urinary symptoms. The feeling of a lump, 
bulge, heaviness or dragging sensation 
(“something from the 
vagina”) either continuously or on straining 
is often described. This may often cause 
only mild discomfort or pressure symptoms 
with certain postures rather than pain. 


questioning or indeed require 


coming down 


Further detailed enquiry including associ- 
ated back ache, vaginal bleeding, and the 
duration of symptoms should be docu- 
mented. Women may describe the need to 
reduce the prolapse via self-digitation in 
order to defecate or pass urine. Prolapse 
may be associated with urinary storage or 
voiding symptoms, and therefore concomi- 
tant management may be influenced by the 
degree of prolapse and severity of symptoms. 
Over 40% of women with urodynamic 
stress incontinence will also have significant 
cystoceles. [22] The anterior vaginal wall 
prolapse can often kink the mid urethral 
point creating a “pseudo-sphincter” thereby 
masking urodynamic stress incontinence in 
women who may report mild stress urinary 
incontinence, therefore it is important to 
reduce vaginal prolapse during urodynam- 
ics and when checking for urodynamic 
stress incontinence during urodynamic 
investigation. [23] 


Neurological history 


The micturition reflex is regulated via the 
transmitted sequence of complex neuronal 
messages in the spinal cord, brainstem, and 
brain. The neurogenic origin of LUTS pres- 
ents when these signals become perturbed, 
leading to deregulation of normal lower 
urinary tract function or even loss of 
voluntary bladder control. [24] The inci- 
dence and prevalence of LUT dysfunctions 
rise with increasing progression of the 
underlying neurological disease, [25] and 
whilst LUTS are rarely the presenting 
symptoms, they are often early in onset, 
highly complicated, and have significant 
impact on the patient’s quality of life. [24] 

A logical approach should be followed 
if neurogenic urinary dysfunction is 
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suspected. The clinician should ask about 
altered sensation and power in the lower 
limbs and perineum. There may be a 
reduced sensation during sexual 
intercourse, absent sensation of bladder 
filling or a desire to void, difficulty with 
erectile/ejaculatory function in men, fecal 
incontinence or fecal urgency leading to 
soiling of clothing. Back pain or recent 
spinal injury or surgery may precipitate 
voiding dysfunction, which should be 
worked up expeditiously as this may 
underlying pathology. 
Multisystem atrophy and multiple sclerosis 
are the most common neurological condi- 
tions complicated with LUTS. [26, 27] 

Impaired bladder sensation may be the 
result of iatrogenic denervation (e.g., 
during neurosurgery or abdominoperineal 
resection of the rectum) or chronic diabetes 
mellitus (resulting in frequency as a result 
of overflow incontinence secondary to a 
hypotonic bladder). 

Lower urinary tract symptoms as a 
manifestation of neurogenic sequelae 
should also be considered in advanced 
cerebrovascular accidents, Parkinson’s 
disease, cerebral and spinal cord lesions. 
Neurological aetiology should also be 
considered if the LUTS are complex and do 
not correlate with urodynamic 
diagnoses. Close liaison with a neurologist 
or uro-neurologist will help direct investi- 
gation and treatment appropriately. 


signify serious 


well 


General gynecological 
history 


Many women with LUTS have coexisting 
gynecological pathology. [28] Prolapse 
symptoms have already been discussed ear- 
lier, although at this stage it is important to 


enquire about previous operations for both 
prolapse and incontinence symptoms, since 
this may result in scarring, denervation, 
distortion, or narrowing of the urethral 
sphincter as well as influence the success of 
future surgery. The woman’s menopausal 
state should be documented as both 
estrogen and progesterone have a variety of 
effects along the lower urinary tract. 
Although the subject remains contentious, 
the general consensus remains that stress 
urinary incontinence appears to be more 
related to estrogen deficiency, whilst 
urgency urinary incontinence appears to be 
more age related. [28] The number of 
proven urinary tract infections in the past 
two years should be documented and any 
history of childhood urinary symptoms 
(e.g., nocturnal should be 
recorded in adults. 

Operations on the uterus may affect 
bladder function (e.g., the effect of a rad- 
ical hysterectomy for endometrial carci- 
noma on the innervation of the bladder), 
and vault brachytherapy can result in 
fibrosis of the bladder wall resulting in 
OAB symptoms. [29] A history of leiomy- 
oma should be sought since the mechanical 
pressure of large, anterior uterine wall, 
subserosal fibroids may reduce normal 
bladder capacity or cause symptoms of 
bladder outlet obstruction. 


enuresis) 


Obstetric history 


A general obstetric history to include 
parity, duration of labor, mode of delivery, 
birth weights of children, year of delivery, 
intrapartum complications (e.g., obstetric 
anal sphincter injury, periurethral lacera- 
tions or wound breakdowns), as well as 
de novo post-partum urinary symptoms 
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(e.g, urinary retention requiring pro- 
longed catheterization or stress urinary 
incontinence) which may be precipitated 
by cesarean section, epidural block or pro- 


longed labor. [30, 31] 


Other relevant past medical 
and surgical history 


Subtle associations between past and 
current medical history and concomitant 
LUTS should be carefully interpreted in 
the context of onset of symptoms and 
medical management (see next section). 
Chronic diabetes mellitus has already been 
discussed, but diabetes insipidus can result 
through polydipsia. Any 
condition that may increase intrabdominal 
pressure, such as a chronic cough or 
straining to defecate or micturate, will 
only increase the risk of pelvic floor 
prolapse (discussed earlier), but may also 
augment the symptoms of SUI. Any 
condition resulting in extravasation of 
fluid into the third space may create 
diurnal variations in voiding patterns (e.g., 
congestive cardiac failure or chronic renal 
impairment and hypertension). Finally, a 
past psychiatric history may reveal pos- 
sible clues to abnormal voiding patterns in 
women with dementia [32] or rarer causes 
of detrusor overactivity in women with 
schizophrenia. [33] 

All major pelvic or abdominal surgery 
should be recorded in the medical notes, 
including intra-operative complications if 
any (e.g., bladder injury or denervation 
during difficult pelvic side wall resection). 
Prolonged catheterization due to post- 
operative urinary retention should be 
noted as over distension of the bladder 
may lead to detrusor hypotonia. [34] 


in polyuria 


Drug history 


The clinician should be able to decide 
whether certain drug therapy with a 
known urinary symptom side-effect profile 
is directly causal, contributory, or merely 
coincidental to the LUTS described by the 
patient. Often the only way of knowing is 
to discontinue the medication for a speci- 
fied period of time and monitor the impact 
this action has on the LUTS. Obviously the 
risks of discontinuing medical treatment 
must be weighed up against the potential 
diagnostic benefit. 

Diuretics, alcohol, and caffeine can 
cause urgency, frequency, and urgency 
urinary incontinence. [35] Alcohol can 
also alter the sensation of bladder filling. 
Sympathomimetics can produce voiding 
difficulty via increase bladder outlet resis- 
tance. Drugs which have an anticholin- 
ergic effect will impair detrusor contractility 
leading to urinary retention and possible 
(e.g, antipsy- 
chotics, antiparkinson agents, antidepres- 
sants, antispasmodics, and opiates). 


overflow incontinence 


Examination 


The physical examination forms an essential 
part of the complete evaluation of women 
with LUTS. The woman must first be 
reassured that despite the possibility of 
demonstrable urinary leakage during the 
examination, she should not be embarrassed 
by this. The woman’s height and weight 
must be recorded in order to calculate her 
BMI, which has been shown to be a 
significant risk factor for incontinence. [36] 
Neurological examination should be 
performed, with attention to the sacral neu- 
ronal pathways from S1 to S4. Assessment 
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of gait, abduction, dorsiflexion, tone, and 
strength of the toes (S3) and sensory inner- 
vation to sole and lateral aspect of the foot 
(S1), posterior aspects of the thigh (S2), and 
perineum (S3) and cutaneous sacral reflexes 
(bulbo-cavernosus and anal reflexes) may 
be assessed. A rectal examination will pro- 
vide a subjective assessment of resting and 
voluntary anal tone (S2—S4) whilst during 
cough will allow an assessment of reflex 
anal sphincter contraction. A contraction of 
the external anal sphincter may be elicited 
by stroking the skin lateral to the anus and 
is indicative of an intact sacral reflex. It 
must also be noted that in the elderly or 
neurologically impaired, restricted mobility 
may lead to functional incontinence and 
lack of manual dexterity may preclude 
self-catheterization. 

Abdominal inspection and examination 
may provide cues for further multidisci- 
plinary investigation of LUTS, for example 
abdominal striae may signify disorders of 
collagen metabolism pertaining to prolapse 
symptoms [37] or a large fibroid uterus 
palpable per abdomen may cause bladder 
outlet obstruction. A distended bladder 
maybe visible or palpable suprapubically 
via percussion. 

The gynecological examination is the 
mainstay of physical assessment for women 
with LUTS and should always be performed 
during initial consultation. The clinician 
should begin with inspection of the vulval 
skin for signs of irritation secondary to 
urine exposure such as excoriations or ery- 
thema. The clinical sign of urinary inconti- 
nence maybe demonstrable at his point, 
without digital examination, whereby the 
patient is asked to cough vigorously and 
urine is seen leaking from the urethra. One 
must be careful not to forget that leakage 
of urine can also be extra-urethral in the 


case of ectopic ureters, other congenital 
urogenital abnormalities, or urogenital fis- 
tulas. Optimal examination for this test 
should be done with a comfortably full 
bladder, in the absence of the urinary 
urgency, and initially in supine position. 
The patient should be asked to stand if no 
leakage is demonstrable, yet the clinical 
history points towards stress urinary incon- 
tinence. The reliability of provocative stress 
tests to demonstrate stress urinary inconti- 
nence maybe questionable if such maneu- 
vres also provoke a detrusor contraction. 
Vaginal mucosal atrophy should be 
noted on inspection, particularly in women 
more than ten years after the menopause. 
The role of topical hormone replacement 
therapy in the treatment of women with 
LUTS topical 
estrogen is superior to placebo when con- 
sidering symptoms of urgency inconti- 
nence, frequency, and nocturia although 
only vaginal estrogen administration has 
been found to be superior for the symptom 


remains controversial; 


of urgency. There remains conflicting evi- 
dence for the use of combination treatment 
of antimuscarinic and topical estrogen. 
[38] Finally, whilst the role of topical 
estrogen therapy in the reduction of 
urinary tract infections is strong, there still 
remains a paucity of robust evidence in the 
literature supporting its role in the 
management of pelvic organ prolapse. 

The mobility of the urethra vesicle 
junction could give important clues into the 
strength and support the urethra has and its 
involvement in the mechanism of inconti- 
nence. With the woman lying supine and 
during a Valsalva manoeuvre, the anterior 
vaginal wall can be seen deflecting posteri- 
orly and the urethral meatus anteriorly, 
toward the ceiling. Both signs are evidence 
of loss of urethral support. A Q-tip cotton 
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bud placed into the urethra to the level of 
the bladder neck is a good test of bladder 
neck mobility. [39] The rotational movement 
of the bladder neck around the symphysis 
pubis whilst the patient is asked to strain 
deflects the Q-tip in a cranial direction. The 
resting and straining angles are measured. 
Urethrovesical junction hypermobility is 
defined by a maximum strain axis exceeding 
30 degrees from the horizontal. The Q-tip 
has not been shown to be predictive of 
Valsalva leak point pressures in women with 
urethral hypermobility and stress urinary 
incontinence and does not add any extra 
information to the history and examination. 
[40-42] The test may have a role in predict- 
ing failure of incontinence surgery and effi- 
cacy of surgical treatments of women 
diagnosed with USI. [43, 44] 


(a) 


When proceeding to the examination 
of the pelvic organs, it is important to 
perform a bimanual exam to help identify 
any concomitant pelvic organ pathology 
such as large uterine fibroids, endometri- 
otic nodules, vaginal or ovarian cysts. 
Pelvic masses can cause pressure symp- 
toms which result in increased frequency. 
Inspection of the urethra may reveal a sub- 
urethral mass or diverticula. 

Pelvic organ prolapse and urinary 
incontinence can often coexist, although 
remain separate clinical diagnoses. Pelvic 
organ prolapse is best assessed using a Sims’ 
speculum in left lateral position and during 
Valsalva effort. If the prolapse is not demon- 
strable to the degree which the patient 
eludes to in her history, then digital exami- 
nation of vaginal prolapse whilst standing 


Figure 4.1 (a and b) Diagram of the Pelvic Organ Prolapse Questionnaire with Grid example.(a) Points 
and landmarks for POP-Q system examination. Aa, point A anterior, Ap, point A posterior, Ba, point B 
anterior, C, cervix or vaginal cuff (these three points form the anterior reference points); Bp, point B 
posterior; D, posterior fornix (the latter three points form the posterior reference points) gh, genital 
hiatus; pb, perineal body; tvl, total vaginal length. (b) Grid and line diagrams for the POP to demonstrate 
a predominantly posterior support defect. Leading point of prolapse is upper posterior vaginal wall, 
point Bp (+5). Point Ap is 2 cm distal to hymen (+2) and vaginal cuff scar is 6 cm above hymen (-6). 
Cuff has undergone only 2 cm of descent because it would be at —8 (total vaginal length) if it were 
properly supported. This represents stage III Bp prolapse. (Bump RC, Mattiasson A, Bø K et al. The 
standardization of terminology of female pelvic organ prolapse and pelvic floor dysfunction. Am J Obstet 


Gynecol 1996; 175: 10-17) 
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and asking her to recreate her provocative 
maneuvres will aid assessment. To demon- 
strate the 
woman should be examined with a com- 
fortably full bladder. Methods of objectively 
measuring the degree of pelvic organ pro- 
lapse have evolved through simple classifi- 
cation of mild, moderate, or severe to first, 
second, third degree descent, to the Baden- 
Walker halfway classification. [45, 46] 
These methods have been superseded by 
the International Continence Society Pelvic 
Organ Prolapse Quantification (ICS 
POP-Q). [47] This method of quantification 
has been shown to have good inter- and 
intra-observer reliability. [48] The POP-Q 
has been used extensively in research set- 
tings to objectively assess the short and 
long term outcomes of pelvic floor surgery. 

There are six defined points for 
measurement in the POPQ system — Aa, Ba, 
C, D, Ap, Bp and three others landmarks: 
GH, TVL, PB. Each is measured in centime- 
ters above or proximal to the hymen (neg- 
ative number) or centimeters below or 
distal to the hymen (positive number) with 
the plane of the hymen being defined as 
zero (0), which acts as the fixed reference 
point throughout the examination. 

The gynecological examination is com- 
pleted with a digital rectal examination to 
assess sphincter tone and pelvic floor 
muscle strength and exclude provocative 
causes of urinary incontinence such as 
fecal impaction and rectal masses. 


stress urinary incontinence, 


Questionnaires and quality 
of life 


Patient self-completed questionnaires are 
the most suitable method for assessing the 
patient’s perspective of their lower urinary 


tract, vaginal, and bowel symptoms. There 
are many questionnaires available for use, 
each fulfilling a different purpose. They 
may be used directly to assess a patient’s 
bladder condition, as screening tools for 
certain LUTS, as methods of monitoring 
progress on or after treatment, in epide- 
miological studies or with economic and 
health service evaluation. Finally, and 
perhaps most relevant to this section, 
questionnaires can be used to assess the 
impact of a condition on a patient’s quality 
of life. 

Quality of life (QoL) is a term derived 
from the World Health Organisation [49] 
as a “state of physical, social and emotional 
wellbeing and not merely the absence of disease.” 
Measurement of a person’s quality of life 
can be enormously subjective and individ- 
ualized, with multiple complex influences 
of a person’s experiences and perceptions. 
A specific symptom that one person finds 
irrelevant, another may find integral to 
their day to day physical, psychological, 
and social wellbeing. Questionnaires allow 
the measurement of these qualitative, rela- 
tively subjective concepts in a quantitative, 
objective manner and in so doing underpin 
the notion that often the goal of treatment 
is not necessarily cure of symptoms, but 
improving a patient’s QoL. Health related 
quality of life (HRQoL) assessment allows 
the clinician to focus on components rele- 
vant to health status rather than those 
which may encompass QoL in the broader 
sense. [50] 

Questionnaires related to LUTS must 
not only be validated (measure what they 
are intended to measure) and reliable (are 
the measures reproducible?) but also short, 
easy to use, sensitive to change, and rele- 
vant to clinical practice. These specific cri- 
teria are evaluated by the International 
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Consultation on Incontinence in order to 
achieve a grading system of recommenda- 
tion for the questionnaire. Whilst many 
questionnaires assess symptoms beyond 
the scope of this book, currently 14 ques- 
tionnaires of Grade A recommendation 
(Highly recommended) are 
women with LUTS. [51] The symptoms of 
overactive bladder and impact on QoL are 
represented in most of these question- 
naires; however one questionnaire, the 
OABgq, achieves the highest levels of rec- 
ommendation specific for OAB symptoms. 
[52] The negative impact a LUTS has on 
HRQOoOL can be assessed via a sub question 
or “bother” item. This item enables the 
patient to indicate areas that cause the 
greatest burden on HRQOL as perceived by 
them. This can be a more sensitive indicator 
of treatment goals than frequency of symp- 
toms alone. 

Successful management of LUTS often 
requires individual treatment plans which 
are tailored to meet individual patient 
goals. Identifying autonomous and realistic 
treatment goals for women with OAB 
symptoms is pertinent to achieving success- 
ful treatment Furthermore, 
mutual agreement between the clinician 
and patient of perceptions of impact of 
symptoms and treatment outcomes is best 
achieved in this way. The Self-Assessment 
Goal Achievement (SAGA) questionnaire 
was developed for use in both clinical prac- 
tice and in clinical trials to facilitate the 
establishment of patients’ goals concerning 
their treatment for LUTS, including symp- 
toms of OAB. It has been validated as a 
measure of patients’ goals and goal achieve- 
ment and may improve healthcare pro- 
vider-patient interactions and treatment 
outcomes in a number of languages. [53] 


in use for 


outcome. 


Summary 


Urinary symptoms need to be collected ina 
methodical and organized manner to facil- 
itate the accurate evaluation of symptoms 
that will help diagnosis and management. 
The impact of symptoms on patient’s lives 
can only be adequately assessed by using 
health related quality of life questionnaires 
and these are sensitive techniques of 
assessing the outcomes of treatments such 
as drug therapy. It is vital that whatever 
method is used it should be validated and 
self-completed by the patient to produce 
the greatest benefit. 
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Introduction 


The term Urodynamics was first described 
by Davis in 1953. [1, 2] In its simplest form 
urodynamics is monitoring the changing 
function of the lower urinary tract over 
time. A clear understanding of the physi- 
ology of urine storage and voiding and the 
disease process of voiding dysfunction is 
critical to formulate questions to be 
answered by urodynamic testing. [3] The 
urinary system can be divided into either 
the storage of urine or the emptying of 
urine, each with its own set of diagnostic 
tests. To evaluate the bladder storage, one 
can do simple urodynamics (aka eye ball 
urodynamics) or single or multichannel 
cystometry. The urodynamic tests used to 
evaluate bladder emptying are post-void 
residual (PVR) assessment, uroflowmetry, 
and pressure-flow studies (PFS). It is impor- 
tant that the urodynamic test reproduce the 
patients’ symptoms. [4] A study that does 
not is not diagnostic. [5] For instance if a 
patient states he/she only leaks urine in an 


upright position, doing this test in a supine 
position may offer little information. [6] 
However, not being able to reproduce an 
abnormality on urodynamics assessment 
does not rule out its existence. [5] 

The American Urological Association 
Guidelines Panel [7] concluded that UDS 
may have a role when conservative and 
drug therapies fail in a patient who desires 
more invasive treatment options for OAB. 
Patients with OAB may have concomitant 
findings on UDS that affect the ultimate 
treatment decision. A patient with 
refractory urgency incontinence may have 
concomitant urodynamic diagnoses of 
stress urinary incontinence (SUI) or 
bladder outlet obstruction (BOO), and 
correction of these associated conditions 
may greatly improve the symptoms related 
to urinary urgency. In the setting of mixed 
urinary incontinence (MUI), UDS may 
contribute by aiding in symptom correla- 
tion. However, it should be noted that 
these tests may not precisely predict out- 
comes of treatment. [7] 
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KEY POINTS 


decision. 


cystometry. 


e The AUA Guidelines Panel concluded that UDS may have a role when conservative and drug 
therapies fail in a patient who desires more invasive treatment options for OAB. 


e Patients with OAB may have concomitant findings on UDS that affect the ultimate treatment 


e Tests to evaluate the bladder storage are simple urodynamics, single or multichannel 


Tests to evaluate bladder emptying are PVR assessment, uroflowmetry, and PFS. 


e It is important that the urodynamic test reproduce the patient's symptoms. 


OAB and urodynamics 


Overactive bladder is a syndrome, which 
represents a constellation of symptoms, 
thus OAB cannot be precisely measured by 
urodynamics. OAB consists of the symp- 
toms of frequency, urgency, nocturia, and 
[8] These 
symptoms cannot be directly measured 
during urodynamic testing; however, var- 


urgency with incontinence. 


ious urodynamic events correlate to or 
may explain the etiology of these OAB 
symptoms. Patient management is often 
initially guided by office evaluation alone 
in most straightforward cases, and this 
strategy is supported by several guidelines. 
[7] The initial management of uncompli- 
cated OAB usually consists of behavioral 
modification and or antimuscarinic 


therapy. [7] It is recommended in situa- 
tions where the diagnosis is unclear or 
when patients have not responded to 
therapy that urodynamics be considered. 
Even though urodynamics cannot diag- 
nose OAB, information gained during 
bladder filling (i.e., presence of detrusor 
overactivity (DO), early sensation and con- 
comitant SUI), and bladder emptying 
(bladder outlet obstruction or impaired 
contractility) can aid in the management 
of patients with OAB symptoms. [16] To 
comprehend the role of UDS in OAB it is 
essential to understand the components of 
urodynamic testing during bladder filling 
and storage. In 2002 The International 
Continence Society (ICS) defined terms 
that are used in reporting cystometric 
results. 


KEY POINTS 


e OAB consists of the symptoms of frequency, urgency, nocturia, and urgency with incontinence. 


e Urodynamic studies are recommended in situations where the diagnosis is unclear or when 


patients have not responded to therapy. 


e The ICS has defined terms that are used in reporting cystometric results. 
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Filling cystometry and OAB 


Cystometry is classified broadly as either a 
single channel or a multichannel study. In 
single channel cystometry bladder pressure 
(P..,) is measured and recorded during the 
filling or storage phase. In multichannel 
cystometry abdominal pressure (Pa) 
measured along with bladder pressure, 
which is then subtracted from P „ to give 
detrusor pressure (P,,,,). The most commonly 
used filling media are sterile water, physio- 
logic saline, and radiographic contrast. 
Ideally, the position of the patient should 


represent the stress that is involved in the 


is 


patients’ symptoms. Sitting in an inclined 
chair or semi-erect are the preferred posi- 
tions but standing and supine may also be 
used. Most studies are preferred with fluids 
at room temperature. Bladder filling may be 
accomplished by either retrograde filling 
using a transurethral catheter by a water 
pump or by simple gravity. At our facility 
filling rates via a water pump on average are 
between 30 to 50ml/min. The ICS no longer 
divides filling rates into slow, medium, and 
fast. Provocation Maneuvers may include 
all or individual maneuvers of straining, 
coughing, hearing running water, heel 
bouncing, walking, and washing hands. 


KEY POINTS 


e Cystometry may be single or multichannel. 


e P ..=intravesical pressure recording. 


eP 


det 


Cystometrogram 


Cystometry is the mainstay of investiga- 
tion for bladder storage function and is the 
only method of objectively diagnosing 
detrusor overactivity (DO). Values are 
subjective, and the absolute volumes at 
which these symptoms occur are clinically 
less relevant. The more important issues 
are whether bladder sensation is increased, 
decreased, or absent and whether a 
particular sensation such as urgency corre- 
lates or not with urodynamic findings dur- 
ing cystometrography. [4] Parameters that 
are measured by cystometrography include 
the following: 


e P „„=intraabdominal pressure via rectal, vaginal, or extraperitoneal pressure recording. 


=P a Paa, Ideally P,., at rest should be 0cm H,O 


Bladder sensation during filling 

cystometry [8] 

A Normal bladder sensation can be 
judged by three defined points noted 
during filling cystometry and evaluated 
in relation to the bladder volume at that 
moment and in relation to the patient’s 
symptomatic complaints. 

1 First sensation of bladder filling is 
the feeling the patient has, during 
filling cystometry, when he/she first 
becomes aware of the bladder filling. 

2 First desire to void is defined as the 
feeling, during filling cystometry, 
that would lead the patient to pass 

the convenient 


urine at next 
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moment, but voiding can be delayed 
if necessary. 

3 Strong desire to void is defined, 
during filling cystometry, as a persis- 
tent desire to void without the fear of 
leakage. 

Increased bladder sensation is 
defined, during filling cystometry, as an 
early first sensation of bladder filling (or 
an early desire to void) and/or an early 
strong desire to void, which occurs at 
low bladder and which 
persists. 

Reduced bladder sensation is 

defined, during filling cystometry, as 

diminished sensation throughout 
bladder filling. 

Absent bladder sensation means 

that, the 

individual has no bladder sensation. 

Bladder pain, during filling cystome- 

try, is a self-explanatory term and is an 

abnormal finding. 

Urgency, during filling cystometry, is a 

sudden compelling desire to void. 

Maximum capacity, in patients with 

normal sensation, is the volume at 

which the patient feels he/she can no 
longer delay micturition. 

Compliance. Bladder compliance 

describes the relationship between 

changes in bladder volume and changes 
in detrusor pressure. It is calculated by 
dividing the volume change (AV) by the 
change in detrusor pressure (A Pa) 
during that change in bladder volume 

(C=AV/A Pa). It is expressed in ml/cm 

H,O. 

1 It is a measure of bladder vesicoelas- 
ticity and reflects the sum of two 
factors: 

i The passive mechanoelastic prop- 
erty of the bladder. 


volume 


during filling cystometry, 


ii The active neuromuscular force. 

a) The normal bladder has high 
compliance and is able to 
expand to capacity with 
minimal changes in intravesi- 
cal pressure usually<15 to 
20cm H,O. [3] 

iii Decreased compliance is defined 
as less than 20ml/cm H,O. [9] 

a) Decreased compliance may be 
caused by infection, inflam- 
mation, obstruction, chronic 
indwelling catheter, neuro- 
logic disease, or surgical dener- 
vation, or it may be an artifact 
of too-rapid bladder filling. 

2 Compliance is the most reliable and 
reproducible urodynamic parameter, 
largely because it is not patient 
dependent. 

i Additionally, it is a passive mea- 
surement and provides valuable 
information with respect to poten- 
tial upper tract damage. 

ii A sustained increase in bladder 
pressure can cause upper tract 
damage. [10] This is measured by 
evaluating the detrusor leak point 
pressure on the urodynamics 

tracing. 

a) These urodynamic events do 

not diagnose OAB, but can be 

correlated to OAB symptoms. 


I Detrusor Leak Point Pressure (DLPP) 


is defined as the lowest Pdet at which 
leakage occurs in the absence of detrusor 
contraction or increased 
pressure. [8] 

1 When outlet resistance is high, high 
bladder needed to 
overcome this resistance and cause 
leakage. Bladder pressure higher 
than 40cm H,O impedes ureteral 


abdominal 


pressure is 
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peristalsis, causes hydroureters, and 
damages the upper tracts. [10] 

2 Patients with low bladder compliance 
and a low DLPP may be floridly incon- 
tinent, but their upper tracts are safe 
because the low-resistance urethra 
functions as a pop-off mechanism to 
relieve the high detrusor pressure. [4] 

3 Patients with low bladder compliance 
and a DLPP higher than 40cm H,O 
risk upper tract damage unless the 
outlet resistance is reduced or com- 
pliance is improved with medication 
or surgery. [4] 

4 In the neurogenic population, the 
use of the DLPP has been identified 
to predict a risk for upper tract com- 
plications. [10] 


Detrusor function during filling 

cystometry [8] 

A Normal detrusor function: allows 
bladder filling with little or no change in 
pressure. No involuntary phasic con- 
tractions occur despite provocation. 

B Detrusor overactivity is an urody- 
namic observation characterized by 
involuntary detrusor contractions dur- 
ing the filling phase which may be 
spontaneous or provoked. 

1 A AP... of more than 15cm H,O was 
previously the minimum pressure 
required to diagnose detrusor overac- 
tivity, but any involuntary pressure 
increase that is associated with urgency 
now qualifies as overactivity. [4] 


There are certain patterns of 

detrusor overactivity [8] 

A Phasic detrusor overactivity is 
defined by a characteristic waveform 
and may or may not lead to urinary 
incontinence. 


B Terminal detrusor overactivity is 
defined as a single, involuntary detrusor 
contraction, occurring at cystometric 
capacity, which cannot be suppressed 
and results in incontinence usually 
resulting in bladder emptying. 

C Detrusor overactivity incontinence 
is incontinence due to an involuntary 
detrusor contraction. 

D Neurogenic detrusor overactivity 
when there is a relevant neurological 
condition. This term replaces the term 
“detrusor hyperreflexia.” 

E Idiopathic detrusor overactivity 
when there is no defined cause. This 
term replaces “detrusor instability.” 


OAB during filling cystometry 
OAB symptoms such as frequency, urgency, 
nocturia, and urgency incontinence are not 
urodynamic measurements. In fact, these 
symptoms in our opinion are probably best 
measured by a voiding diary. However, 
urodynamic events during filling cystome- 
try may be correlated to this syndrome. 
Urinary frequency may be associated 
with early sensation to void, decreased 
cystometric capacity, and motor detrusor 
overactivity with or without incontinence. 
Involuntary bladder contractions (detru- 
sor overactivity) on filling cystometry may 
also explain symptoms such as frequency 
and urgency (Figure 5.1). In addition, these 
involuntary contractions are the probable 
cause of urgency urinary incontinence. It is 
important to note, however, that 
involuntary detrusor contractions may 
occur in the absence of symptoms, and thus 
these contractions may occur in the absence 
of the OAB syndrome. DO may be charac- 
terized by involuntary rises in detrusor 
pressure of a short duration followed by a 
return to baseline pressures. These more 
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common familiar waveforms are known as 
phasic detrusor overactivity and are the 
most common type of DO. In patients with 
sustained involuntary elevations of detrusor 
storage pressure above baseline, this tonic 
detrusor overactivity may represent a dis- 
order of bladder compliance. Whether a loss 
of compliance is due to prolonged, tonic, 


and sustained elevations in detrusor 
pressure or morphologic changes in the 
bladder loss of 
accommodation is unclear. However, it is 
important for the clinician to understand 
the concepts of low urinary storage pres- 


wall resulting in 


sures, particularly in patients with neuro- 
genic bladder. 


KEY POINTS 


namic measurements. 


represent a disorder of bladder compliance. 


OAB symptoms such as frequency, urgency, nocturia, and urgency incontinence are not urody- 


Urinary frequency may be associated with early sensation to void, decreased cystometric capacity, 
and motor detrusor overactivity with or without incontinence. 


Involuntary detrusor contractions may occur in the absence of symptoms, and thus these con- 
tractions may occur in the absence of the OAB syndrome. 


In patients with sustained involuntary elevations of detrusor storage pressure above baseline may 
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Figure 5.1 Detrusor overactivity without urinary incontinence. Note the rise in detrusor pressure (P 


det) 


and vesical pressure (P „) without a rise in intra-abdominal pressure (P a). Increased sensation and 


ves 


urgency are noted at low fill volumes. This tracing also illustrates terminal DO. (For color detail, please 


see color plate section). 


Urodynamic evaluation of the overactive bladder 49 


Does OAB equal urodynamic 
DO? A clinical correlation 


OAB may either be a pure sensory or pure 
motor dysfunction, but also a combination 
of the two. A significant percentage of 
patients with OAB may have DO on UDS, 
but many do not. In fact, the most consis- 
tent symptom of OAB is urinary urgency 
with or without urgency incontinence. 


[11] In these cases, increased bladder 
sensation is a common finding with 
patients experiencing first sensation, 


normal desire, strong desire, and urgency 
at lower than anticipated filling volumes. 
A large number of studies have tried to 
answer whether OAB symptoms equal uro- 
dynamic DO with varying results especially 
when evaluating DO in females versus 
males. A symptomatic diagnosis of OAB 
does not always correlate with urodynamic 
DO. [12] Digesu found that 18.7% (843) of 
4500 women with lower urinary tract 
symptoms (LUTS) could be classified as 
having OAB; 54.2 % (457 of 843) of these 


women had urodynamic proven DO. Of the 
4500 women undergoing urodynamic test- 
ing with LUTS, 36.5 % (1641) had urody- 
namic DO, but only 27.5% (457 of 1641) of 
these women had OAB symptoms. [13] The 
sensitivity and specificity of DO for OAB 
symptoms were 54 and 68% respectively. 
[13] On the other hand, symptoms of urge 
incontinence are strongly correlated with 
DO in men. A retrospective study of 139 
adults noted a correlation between DO and 
OAB symptoms; 75% of males with OAB 
symptoms had DO on cytometrogram and 
only 36.8% of female patients. [14] 

A study of 1457 adult male and female 
patients was retrospectively conducted 
based on OAB symptoms to determine 
how well the symptoms of OAB correlated 
with urodynamic DO using ISC definitions. 
Again, a better correlation 
between OAB symptoms and urodynamic 
DO was observed in men than in women. 
The authors concluded that the bladder is a 
better and more reliable witness in men 
than in women. [15] 


in results 


KEY POINTS 


more than in women. 


e Patients with OAB tend to experience increased bladder sensations, experiencing first sensation, 
normal desire, strong desire, and urgency at lower than anticipated filling volumes. 


e The symptomatic diagnosis of OAB does not always correlate with urodynamic DO. 


e A better correlation in results between OAB symptoms and urodynamic DO is observed in men 


Pressure-flow studies and 
OAB 


OAB and PFS: clinical correlation 
The use of pressure—flow studies (PFS) to 
evaluate bladder emptying does not lead 


to a diagnosis of complex OAB symp- 
toms. PFS are useful in identifying the 
mechanism of voiding, as to whether or 
not it is a function of normal bladder 
contractility. PFS allow bladder outlet 
obstruction to be differentiated from 
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detrusor underactivity. High-pressure 
associated with low flow rates is diag- 
nostic of functional or anatomic outlet 
obstruction. These disorders of bladder 
emptying may lead to OAB symptoms. 
Symptoms of urgency and frequency 
may improve following correction of 
bladder outlet obstruction (BOO) 
secondary to benign prostatic hyper- 
trophy (BPH), post-sling obstruction, and 
prolapse. Thus, in these patients, should 
outlet obstruction be diagnosed by PFS, 
subsequent treatment may result in 
complete or near complete resolution of 


symptoms. [16] The AUA urodynamic 
guidelines also recommend pressure- 
flow studies in women with persistent 
symptoms following outlet procedures to 
evaluate for iatrogenic BOO. [7] Surgical 
intervention is recommended in this sce- 
nario due to the potential association of 
prolonged BOO and irreversible voiding 
dysfunction. [17] In appropriate patients 
with refractory OAB, PFS should be con- 
sidered to evaluate for obstruction as 
treatment may be associated with 
symptom resolution. 


KEY POINTS 


activity. 


e Pressure—flow studies allow bladder outlet obstruction to be differentiated from detrusor under 


e Disorders of bladder emptying may lead to OAB symptoms. 


e In patients with refractory OAB, should PFS reveal obstruction, its subsequent treatment may 
result in complete or near complete resolution of symptoms 


Video urodynamics 

First described in the late 1960s, the use of 
fluoroscopy adds real-time, high-resolution 
anatomic details to a cystometrogram and 
pressure—flow study. [4] It allows structural- 
functional correlations to be investigated 
because transducer pressures, patients’ 
symptoms, and live fluoroscopic images 
are studied simultaneously. The disadvan- 


tages are cost, radiation use, training, 
and personnel required to operate the 
equipment. [9] It provides for more 
detailed anatomic diagnosis of vesicoure- 
teral reflux, detrusor—external sphincter 
dyssynergia (DESD), bladder diverticula, 
urinary fistula, and urethral leakage. These 
findings may then be correlated to OAB 
symptoms. 
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e It allows structural-functional correlations to be investigated because transducer pressures, 
patients’ symptoms, and live fluoroscopic images are studied simultaneously. 
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Ambulatory urodynamics 
The technique was described by Abrams in 
1997 and involves the recording of three 
micturition cycles; a resting cycle, an 
ambulant cycle, and an exercising cycle. 
[3] Ambulatory urodynamic monitoring is 
performed in an effort to observe more 
realistic or more physiological observations 
and should be considered when conven- 
tional cystometry is unable to reproduce 
the patient’s symptoms and fails to provide 
a pathophysiologic explanation of the 
patients’ symptoms. 

Ambulatory urodynamic monitoring 
(AUM) is suggested to be more sensitive 
for detecting and quantifying uninhibited 


detrusor contractions than standard cys- 
tometry in various patient groups based on 
[18] 
However, it remains a highly technical and 
labor-intensive study that 
remains of little use in most centers. 
Heslington examined 22 asymptomatic 
healthy females and performed both con- 


conventional cystometric criteria. 


clinically 


ventional cystometry and ambulatory cys- 
tometry. DO was noted in 18% of patients 
by conventional cystometry and 68% on 
ambulatory monitoring. [19] AUM studies 
have shown a 30% incidence of DO in 
neurologically intact 
women. [3] These findings may also then 
be correlated to OAB symptoms. 


asymptomatic 


KEY POINTS 


criteria. 


centers. 


e AUM is suggested to be more sensitive for detecting and quantifying uninhibited detrusor con- 
tractions than standard cystometry in various patient groups based on conventional cystometric 


e AUM is a highly technical and labor-intensive study that clinically remains of little use in most 


Summary 


Urodynamics may not be necessary in the 
evaluation of simple OAB symptoms, but it 
may provide critical information in the 
diagnosis and management of OAB and 
associated voiding dysfunction. In compli- 
cated urologic presentations, urodynamic 
evaluation is imperative and should be tai- 
lored to answer specific clinical questions. 
The clinician should then assess whether 
the study has answered the specific clinical 
questions. If the study has not adequately 
answered those questions, it may need to be 
repeated or adjusted. It is equally important 
to recall that not being able to reproduce a 


patient’s symptoms does not rule out its 
existence. Urodynamic studies should be 
individualized and their application tailored 
to meet the unique needs of the patient. 
Multichannel UDS or an individual test 
component alone can provide invaluable 
information in clinical diagnosis, patient 
counseling, as well as medical and or sur- 
gical management. 
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development and clinical validation. 


and biomarkers. 


clinical validation. 


Most probably, myogenic and neurogenic functions play a role in lower urinary (dys-)function. 


e Non-invasive tests to diagnose overactive bladder and detrusor overactive bladder are under 
The most promising non-invasive tests for clinical diagnosis are detrusor/bladder wall thickness 
Functional MRI and other functional brain imaging techniques reveal the involvement of the 


central nervous system in lower urinary (dys-)function. 


Near infrared spectroscopy and bladder strain imaging are new techniques that need further 


This chapter discusses non-invasive 
techniques for diagnosis of overactive bladder 
(OAB) and detrusor overactivity (DO). In 
clinical practice the diagnosis of OAB is 
mostly based on subjective information. DO 
is assessed by a urodynamic investigation 
which is invasive and not very reliable. A 
poor correlation was demonstrated between 


symptoms and urodynamic findings. [1] 


Bladder/detrusor wall 
thickness 


It is assumed that DO is associated with 
bladder wall hypertrophy. [2] Ultrasound 
is a non-invasive imaging technique that 


can visualize the bladder or detrusor wall 
with high accuracy. Detrusor wall thick- 
ness (DWT) includes the detrusor muscle 
only, while bladder wall thickness (BWT) 
includes all three layers of the bladder 
wall. The measurement is poorly standard- 
ized with regard to the measurement 
position, bladder filling, if BWT or DWT 
should be used, and threshold. [3] Experts 
do agree that high frequency ultrasound is 
essential for an accurate measurement. 
Because the bladder/detrusor wall becomes 
thinner when bladder volume increases, 
measurements should be performed at a 
well-defined bladder volume. Three differ- 
ent anatomical approaches have been 
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described: transvaginal, translabial/trans- 
perineal, and suprapubic. 

In women, the transvaginal approach 
is considered the most reliable method 
because of the small distance between the 
ultrasound probe and the bladder wall. 
[4] In most studies, bladder wall thickness 
measurements are performed with an 
empty bladder (<50 ml) at three locations: 
trigone, anterior wall, and dome. [5] The 
mean value of the three measurements is 
used as the BWT value which proved 
a sensitive method for diagnosing DO. 
[4, 6] Ina recent study, a BWT value of 
6.5 mm had a 100% positive predictive 
value for DO. [7] BWT values do differ 
between studies and methods are not 
standardized. Only a few studies did not 
find a relation between DWT or BWT and 
DO. [8, 9] The first study used DWT and 
the second measured the thickness at the 
trigone only. BWT also correlates with 
OAB symptoms. [10] 

Data regarding the translabial/transper- 
ineal approached are scarce. DWT mea- 
sured as the mean value of the trigone, 
anterior wall, and dome thickness, was 4.7 
mm in the DO group versus 4.1 mm in 
non-DO subjects resulting in a poor sensi- 
tivity. [11] The larger distance between the 
ultrasound probe and bladder as compared 
to the transvaginal approach can influence 
measurement accuracy. 

The suprapubic approach has been 
described for measuring bladder outlet 
obstruction [12] Few data 
regarding DO diagnosis have been pub- 
lished. DWT was measured in a study com- 
paring the values between OAB and 
without OAB [13] and no statistical differ- 
ences were found. The authors conclude 
that the technique should not be recom- 
mended for diagnosing DO. 


in men. 


A few studies compared the three dif- 
ferent anatomical approaches. Kuhn et al. 
found significant differences between the 
different locations, [14] 
demonstrating that the three approaches 
cannot be compared. 

In conclusion, the most promising and 
reliable technique to measure BWT in 
women is the transvaginal approach and 
studies have shown reproducible results 
for diagnosing OAB and DO in women. 
Data regarding the other approaches are 
scarce. Standardization of the technique is 
lacking. [3] Prospective well-standardized 
studies are needed to determine the value 
of DWT/BWT in routine clinical practice. 


measurement 


Biomarkers 


The definition of a biomarker is a 
“characteristic that is objectively measured 
and evaluated as an indicator of normal 
biological processes, pathogenic processes, 
or pharmacologic responses to a therapeutic 
intervention.” [15] There are multiple 
potential targets of opportunity to use a 
biomarker: as a clinical tool for diagnosis 
and staging of disease, as an indicator of 
prognosis, or as an application for predic- 
tion and monitoring clinical response to an 
intervention. [15] Ideally, a biomarker is 
easily accessible, reliable, and reproducible 
with a high level of specificity and sensi- 
tivity, adding extra information to the 
clinical assessment and improving out- 
come. [16, 17] 

The classic overactive bladder (OAB) 
biomarker is detrusor overactivity (DO), 
assessed by urodynamic investigation. A 
poor correlation was demonstrated bet- 
ween symptoms and urodynamic findings. 
[1] In clinical practice the diagnosis of OAB 
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is mostly made on subjective information. 
Urinary biomarkers for OAB could there- 
fore improve diagnostic accuracy and assist 
in monitoring treatment response. At this 
moment, neurotrophic factors NGF (nerve 
growth factor) and to a lesser extent BDNF 
(brain-derived neurothrophic factor) seem 
to be emerging as key players in bladder 
pathophysiology and are potential OAB 
biomarker candidates. NGF is a tissue- 
derived trophic factor involved in the 
development of bladder innervation and 
an important regulator of 
function along micturition pathways. [18] 
The role of brain-derived neurotrophic 
factor (BDNF) is less clear, but seems 
important in inflammation and nocicep- 
tion. [19] Both NGF and BDNF are 
expressed in urothelium and detrusor, and 
bind to tyrosine kinase (Trk) receptors, 
cell-surface transmembrane glycoproteins 
fully expressed in bladder urothelial cells, 
and sensory neurons innervating the 
bladder wall. [18, 20] 


neuronal 


Biomarkers for OAB 

NGF 

Multiple studies demonstrated an 
increased NGF production in the lower 
urinary tract in pathologic conditions, that 
is OAB-wet 
nence), urodynamic DO, mixed urinary 
incontinence, and bladder outlet obstruc- 
tion. [21] In a rat model with neurogenic 
DO after spinal cord injury or with cyclo- 
phosphamide-induced cystitis and overac- 
tivity, NGF was elevated in the dorsal root 
ganglia, spinal cord, and bladder. [22] 
Chronic administration of NGF into the 
bladder or spinal cord of rats induced 
bladder hyperactivity and increased firing 
frequency of bladder efferent neurons. 
[23-25] When administering a NGF 


(urgency urinary inconti- 


sequestering molecule, the bladder over- 
activity in an experimental cystitis model 
reduced. [26] 

Urinary NGF levels in patients with 
OAB are significantly higher compared to 
controls. [21, 27, 28] Intensity of urgency 
seems to be correlated with the urinary 
NGF concentration [21, 29]. However, not 
all OAB patients had elevated urinary NGF 
levels, which was up to 30% in some 
cohorts. [30] Reduction in urinary NGF 
levels was found in OAB patients after 
initiating antimuscarinic drug therapy, 
which was reversed after cessation of 
therapy. [30, 31] In patients with DO who 
underwent onabotulinum toxin A detru- 
sor injections, the urinary NGF levels 
dropped significantly. [32] 


BDNF 

Most evidence for the role of BDNF in 
bladder dysfunction is in studies about 
pain and cystitis. Experimental models 
showed an increase in TrKB receptor 
expression and urinary BDNF after bladder 
inflammation or spinal cord injury. [33- 
35] Another animal study assessed the rel- 
evance of BDNF to bladder overactivity 
and pain in cystitis, with sequestration of 
BDNF leading to bladder function improve- 
ment. [36] 

In a recent observational study, the 
BDNF/creatinine ratio (pg/mg) was signifi- 
cantly lower in 40 healthy volunteers com- 
pared to 17 patients with OAB. [26] A 
higher area under the curve (AUC) in a 
receiver—operator characteristic (ROC) 
analysis was found for BDNF (0.78) com- 
pared to NGF (0.68). [37]. 


Prostaglandins 
Prostaglandins play a role in regulating 
lower urinary tract function. [38] Detrusor 
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muscle stretch, bladder nerve stimulation, 
urothelial damage, or inflammation trig- 
gers prostaglandin synthesis in the bladder 
muscle and mucosa. [28] Intravesical 
instillation of prostaglandin E2 (PGE2) 
induced detrusor contraction in rats. [39] 
There is conflicting evidence of urinary 
PGE2 levels in OAB patients. [28, 40] More 
studies are necessary to define the role of 
prostaglandins in bladder (patho) 


physiology. 


Cytokines, chemokines, 

and growth factors 

Cytokines and chemokines could affect 
neurotransmitter metabolism in micturi- 
tion. Levels of seven urinary cytokines, 
chemokines, and growth factors were 
found to be significantly increased in OAB 
patients compared to controls. [41] These 
urinary markers are involved in tissue 
repair and inflammation and their eleva- 
tion in OAB patients points toward an 
inflammatory etiology in OAB. Further 
studies are necessary to define their role in 
bladder (patho)physiology. 


C-reactive protein 

C-reactive protein (CRP) is a general 
serum marker for inflammation and 
infection. An association between CRP 
and OAB was demonstrated in a large 
population-based epidemiologic survey. 
[42] Serum CRP levels were found to be 
significantly raised in a study with 
patients with OAB and IC/BPS compared 
to controls. [43] Another study also 
demonstrated this finding in OAB 
patients, but urinary CRP levels and 
mRNA expression of CRP in bladder 
biopsies were not raised. [44] The speci- 
ficity as a OAB biomarker is quite low as 


serum CRP is raised in many medical 
conditions. 


Genetic biomarkers 

OAB susceptibility genes are possible bio- 
markers, as twin studies have suggested. 
[45, 46] Investigating the possibility of 
using peripheral blood mononuclear cells 
using microarray analysis, 16 genes were 
identified as being differentially regulated 
in OAB patients compared to healthy con- 
trols. [47] Further studies should be done 
to elucidate the possibility of genetics as 
OAB biomarkers. 


Conclusion 

Accumulating evidence has shown the 
involvement of NGF and BDNF in sensory 
neural bladder function, and their role in 
bladder diseases like OAB, idiopathic and 
neurogenic DO, IC/BPS, and bladder out- 
flow obstruction. However, to confirm the 
potential role of NGF and BDNF as OAB 
biomarkers, should be 
resolved. Large multicenter trials must 


several issues 
increase the generalizability of the results. 
There should be standardization in inter- 
pretation, laboratory preparation, as well 
as urine collection, as bladder volume can 
possibly [16, 48] 
Furthermore, there should be validation of 
the test. The finding of increased urinary 
NGF levels in bladder diseases other than 
OAB lowers its specificity as an OAB bio- 
marker. Sensitivity is also questioned, as 
up to 30% of OAB patients did not show a 
urinary NGF level increase. Finally, cost- 
effectiveness data are lacking. [16] All 
these issues have to be resolved, and until 
then it is unclear whether urinary NGF 
and BDNF will find clinical application as a 
biomarker in the future. 


influence outcome. 
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Near infrared spectroscopy 


Near infrared spectroscopy (NIRS) is an 
optical technique that detects hemody- 
namic changes during bladder filling and 
voiding. Near-infrared light can penetrate 
the skin and underlying tissue layers and it 
is possible to monitor hemodynamic 
changes in the bladder wall. [49, 50] Near- 
infrared light is absorbed by oxyhemo- 
globin (O Hb) and de-oxyhemoglobin 
(HHb). Total hemoglobin (Hb m) 
indicator of total blood perfusion and can 
be derived from the sum of O,Hb and HHb. 
Involuntary bladder contractions are 
believed to cause variations in, for example, 
oxygen supply and may cause changes that 
can be detected by NIRS. Farag et al. dem- 
onstrated that transcutaneous near infrared 
spectroscopy can detect DO episodes with a 
high sensitivity. [51] They included 34 men 
and 7 women with OAB symptoms in a 
study comparing NIRS with cystometry. 
Three observers rated the NIRS curves as 
predictors for DO as measured with cys- 
tometry. NIRS had a “substantial” intraob- 
server agreement and was highly sensitive 
in detecting DO episodes; 92% for HB m 
The main problems of the technique are 
motion artifacts, including movements of 
the bladder wall, and difficulty in detecting 
changes in patients with a thick abdominal 
wall. In fact, Farag et al. excluded approxi- 
mately one quarter of all measurement parts 
because of motion artifacts. [51] They also 
found approximately 18% false positives in 


is an 


controls without detrusor overactivity. In 
conclusion, near infrared spectroscopy cor- 
relates well with urodynamic findings and 
therefore it is a potential non-invasive new 
diagnostic tool for detecting detrusor over- 
activity in OAB patients. However, before it 


can be introduced in the clinical environ- 
ment, especially the problem of motion 
artifacts should be solved. Last but not least, 
the technique should be validated in larger, 
preferably multicenter studies. 


Bladder wall strain imaging 


A recently introduced technique measures 
the activity of the bladder wall activity with 
radiofrequency ultrasound strain imaging. 
[52, 53] Radiofrequency (RF) ultrasound is 
used to estimate the deformation (strain) in 
the bladder wall. Idzenga et al. examined 
the value of this technique in volunteers 
and in a BOO patient undergoing a urody- 
namic investigation. [53] Contraction of 
the detrusor and flow-rate influenced the 
measured strain. Also during an increase in 
detrusor pressure without flow (isovolu- 
metric contraction) a correlation was 
found. Movement artifacts are still a 
problem; however this could be solved by 
using 3D ultrasound in combination with 
movement correction techniques. Future 
studies should provide evidence of whether 
this technique is sensitive enough to detect 
DO in OAB patients. 


Autonomic nervous system 


The pathophysiology of idiopathic OAB 
remains unclear and next to myogenic also 
neurogenic dysfunction is a possible cause. 
It is stated that in OAB persons the 
parasympathetic fibers remain stimulated 
after bladder emptying and this causes the 
bladder to contract during the filling phase. 
These fibers are part of the autonomic ner- 
vous system (ANS). [54] In practice, it is 
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difficult to quantify the activity of the ANS. 
However, a direct relationship between 
heart rate variability and parasympathetic 
effects has been reported. [54] Hubeaux et 
al. found that heart rate variability did not 
change during bladder filling in stress 
urinary the 
sympathetic tone in women with OAB did 
change significantly at the end of the 
bladder filling. [55] Comparable results 
were found by Liao et al. [54] They con- 
cluded that by quantifying heart rate vari- 
ability, their analysis technique could 
provide a simple, non-invasive test to 
assess disturbances in ANS activity. 


incontinence; however, 


Functional brain imaging 


Functional brain imaging techniques are 
used to investigate the activity changes of 
brain regions that are involved in bladder 
control. [56] The presence or absence of 
certain activations and deactivations can 
reflect the ability or inability of the central 
nervous system (CNS) to suppress, for 
example, DO and to prevent incontinence. 
[57] Griffiths et al. and Tadic et al. investi- 
gated functional magnetic resonance 
imaging (f{MRI) in normal and overactive 
bladders. [57, 58] Differences in activation 
and _ deactivations demonstrated 
when comparing normal and OAB sub- 
jects, suggesting that abnormalities in CNS 
activation patterns may play a role in OAB 
and other bladder control problems. 


were 


Conclusions 


Control of lower urinary tract function is a 
complex system in which most probably 
myogenic and neurogenic functions both 


play an important role. Dysfunction, for 
example OAB and DO, can be caused by 
several parts of this complex system. Most 
invasive and non-invasive tests measure 
changes of the bladder wall. Over the last 
decade more and more information has 
become available that neurological systems 
do play an important role. 

The testing methods described in this 
chapter are mainly focused on replacing 
the invasive urodynamic investigation with 
more non-invasive tests. At this moment, 
detrusor/bladder wall thickness and bio- 
markers are the most promising techniques 
that could play a role in clinical diagnosis in 
the future. {MRI and other functional brain 
imaging techniques will bring us more 
important information regarding the 
involvement of the CNS in lower urinary 
function. NIRS and strain imaging are tech- 
niques under development. More studies 
are needed to provide us with information 


about the usefulness of these new 
techniques. 
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KEY POINTS 


lower urinary tract symptoms. 


bowel regularity, and smoking cessation. 


can improve bladder urgency and frequency. 


e Evidence-based research indicates that modification of certain lifestyle practices can improve 


Lifestyle changes involve elimination of dietary irritants, managing fluid intake, weight control, 


Weight loss improves lower urinary tract symptoms in overweight women. 


Controlling extreme amounts of daily fluid intake and eliminating bladder irritants from the diet 


Introduction 


Epidemiological studies have shown that 
lower urinary tract symptoms (LUTS), 
including urinary incontinence (UI) and 
overactive bladder (OAB), are commonly 
seen in adult men and women. According 
to evidence-based research and guidelines, 
lifestyle changes are effective and recom- 
mended as first-line treatment for LUTS. 
Lifestyle changes are aimed at improving 
symptoms through modifications, includ- 
ing the establishment of elimination of 
bladder irritants from the diet, fluid intake 
management, weight control, management 
of bowel regularity, and smoking cessa- 
tion. The ultimate goal is for the patient to 


adopt specific strategies that will eliminate 
symptoms. These interventions are one 
component of conservative management 
as they improve symptoms through identi- 
fication of lifestyle habits and changing 
a person’s behavior, environment, or activ- 
ity that are contributing factors or triggers 
of LUTS. [1-3] They can be initiated after 
simple assessment in many patients and 
should be considered the mainstay of care 
of men and women with voiding and 
pelvic floor disorders. They have a large 
body of evidence-based research [4] and 
have been recommended as treatment for 
UI and non-neurogenic OAB by multiple 
organizations [5, 6] and international 
guidelines. [4] 
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Lifestyle modifications 


The lifestyle practices that contribute to 

LUTS and are modifiable include: 

e Smoking cessation. 

e Weight reduction. 

e Extremes of daily fluid intake. 

e Dietary bladder irritants. 

e Constipation and straining during 
defecation. 


Obesity 


Obesity, defined as a body mass index 
>30kg/m? in adults by the National Insti- 
tutes of Health, is an independent and modi- 
fiable risk factor for LUTS in women and 
men. There is a growing amount of research, 
including several systematic reviews, dem- 
onstrating positive association between body 
mass index (BMI)>25 and stress UI (SUI) 
and a high risk factor for urinary tract 
symptoms including urgency, frequency, 
OAB, and urgency UI (UUI). [7-9] There 
is evidence that obesity increases intra- 
abdominal pressure, places strain and stress 
on the pelvic floor structures, leading to 
weakening of the pelvic floor muscle, 
nerves, and blood vessels, while coexisting 
metabolic syndrome predisposes to urgency 
UL. The resultant impact on vascular perfu- 
sion and neural innervation may be the 
cause of OAB symptoms and inconti- 
nence. Also, increases in waist circumfer- 
ence are associated with new incidence or 
progression of current UI. 

In a secondary analysis of a population- 
representative, cross-sectional Internet 
survey of 30 000 men and women in the 
US, UK, and Sweden, conducted to assess 
the prevalence, resulting bother, and health- 
related quality of life impact of LUTS, found 


that those men and women who were 
overweight (BMI 25.0-29.9) or obese (BMI 
>30) were significantly more likely to 
report incontinence symptoms than those 
with a BMI in the normal range (BMI 
14.0-24.9). [10] Women were more likely 
to report any UI, and, in particular, SUI, 
and men were more likely to report other 
forms of incontinence, such as post-mictu- 
rition leakage. 

So what is the impact of weight loss? 
Weight loss through lifestyle modification 
and bariatric surgery improves stress UI. 
[11, 12] Subak et al. [13] conducted a six- 
month lifestyle behavioral weight loss 
treatment and outcomes included reduced 
frequency of self-reported UI episodes 
(mean weekly reduction of 47%) among 
overweight and obese women as com- 
pared with a control group (28%) and 
reduced UUI episodes by 42% (compared 
with 26% in control group). Even mod- 
erate weight loss of 5-10% of body weight 
can decrease UI episodes as much as 
50-60% and is sustainable over a 12- 
month period. [14, 15] Wasserberg et al. 
[16] demonstrated that morbidly obese 
women who undergo bariatric surgery 
and achieve significant weight loss expe- 
rience a decrease in LUTS, and Burgio and 
colleagues [17] noted that 71% of women 
who lost 18 or more BMI points regained 
continence. 

So the message for clinicians is that 
men and women who maintain a healthy 
weight in the normal BMI range may be 
able to reduce their risk for developing 
UI, and those who undergo moderate 
to extreme weight loss may be able to 
decrease their episodes of UI. As there is 
ample evidence-based research to support 
recommendations of weight loss, as part 
of lifestyle interventions in obese patients, 
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clinicians should encourage overweight 
men and women with LUTS to lose 
weight.[18] 


Smoking 


Previous and current cigarette smoking 
increase the risk of both SUI and UUI with 
heavy smokers having the highest risk. [7, 
19] Smoking over time eventually leads to 
chronic coughing which causes increased 
intra-abdominal pressure, directly increas- 
ing the pressure in the bladder. Usually, the 
sphincter muscle is able to contract tightly 
to avoid leakage of urine. However, it is felt 
that persons who cough repetitively cause 
downward pressure on the pelvic floor caus- 
ing repeated stretch injury to the pudendal 
and pelvic nerves and weakening the liga- 
ments of the pelvic floor muscles that 
support the external sphincter, and inconti- 
nence, specifically stress UI, can occur. 
Nicotine may contribute to detrusor con- 
tractions and tobacco products have anti- 
estrogenic hormonal effects that may impact 
the production of collagen synthesis. 

No data has been reported examining 
whether smoking cessation in women 
resolves incontinence. But stopping smoking 
is a health benefit for many reasons so clini- 
cians should educate women who smoke on 
the relationship between smoking and UI 
and strategies designed to discourage women 
from smoking are often suggested. 


Extremes of daily fluid intake 


Individuals may subscribe to either restric- 
tive or excessive fluid intake behavior. 
Working women report fluid intake limita- 
tions and avoidance of caffeinated beverages 


as strategies to avoid urinary symptoms. 
[20] On the other end of the spectrum, 
women who diet and exercise go through 
the day carrying a water bottle. So over 
or under-hydration can contribute to 
LUTS. Adequate fluid intake is needed 
to eliminate irritants from the bladder. 
Under-hydration may play a role in the 
development of urinary tract infections 
and decrease the functional capacity of the 
bladder. Surveys of community residing 
elders with LUTS report self-care practices 
to include the self-imposed restrictions of 
fluids, as they fear UI, urinary urgency, 
and frequency. [21, 22] Excessive fluid 
intake can also be a problem as large 
volume intake can trigger incontinence 
and OAB symptoms of urgency and fre- 
quency. [23] Fluid intake averaging 
>3700ml/day has been associated with a 
higher voiding frequency and incidence 
of UI compared with an intake of approx- 
imately 2400ml/day. [4] Hashim and 
Abrams [24] recommend decreasing 
fluid intake by 25% to reduce frequency, 
urgency, and nocturia, provided baseline 
consumption is not less than one liter a 
day, and that increasing fluid intake by 
25 and 50% can result in a worsening of 
daytime frequency. 

What is not known is the ideal daily 
fluid intake. The general health recom- 
mendation is an intake of eight servings 
of 8-ounce glasses of water per day, yet 
no scientific or medical basis for this rec- 
ommendation can be found in the litera- 
ture. The Institute of Medicine issued a 
report in 2004 with guidelines for total 
water intake for healthy people. [25] That 
recommendation for women was 2.7 liters 
per day, but was intended to include water 
consumed both through beverages and 
food. This food vs. fluid component has 
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been a source of confusion for the public 
and professionals alike, with a mispercep- 
tion of fluid source as only deriving from 
beverage intake. 

Fluid intake should be regulated to 
30 cc/kg body weight per day with a 1500 ml/ 
day minimum at designated times unless 
contraindicated by a medical condition. 

In older adults, there appears to be a 
strong relationship between evening fluid 
intake, nocturia, and nocturnal voided 
volume. Aging causes an increase in 
nocturia, defined as the number of voids 
recorded from the time the individual 
goes to bed with the intention of going 
to sleep, to the time the individual wakes 
with the intention of rising. To decrease 
nocturia precipitated by drinking fluids 
primarily in the evening or with dinner, 
the patient is instructed to reduce fluid 
intake after 6pm and shift intake towards 
the morning and afternoon. [26, 27] Wagg 
[28] recommends that late afternoon admin- 
istration of a diuretic may reduce nocturia 
in persons with lower extremity venous 
insufficiency or congestive heart failure 
unresponsive to other interventions. 


Dietary bladder irritants 


Common dietary staples can cause diure- 
sis or bladder irritability contributing to 
LUTS. Caffeine intake has been associated 
with LUTS in both men [29] and women 
[30]. Caffeine is an ingredient found in 
certain beverages, foods, and medications 
and is felt to impact urinary symptoms 
by causing a significant rise in detrusor 
pressure and an excitatory effect on 
detrusor contraction. Daily oral caffeine 
(150mg/kg) results in detrusor overactiv- 
ity and increased bladder sensory signaling 


in the mouse. [31] The consumption of 
caffeinated beverages, foods, and medi- 
cations should not be underestimated. In 
the USA, over 80% of the adult population 
consumes caffeine in the form of coffee, 
tea, soft drinks, and energy drinks on a 
daily basis. The Boston Area Community 
Health (BACH) [32] reported on beverage 
intake and LUTS large cohort 
(n=4144). Women who increased coffee 
intake by at least two servings/day had 
64% higher odds of progression of urgency 
(p=0.003). Women who had recently 
increased soda intake, particularly caffein- 
ated diet soda, had higher symptom scores 
of urgency and LUTS progression. Greater 
coffee or total caffeine intake at baseline 
increased the odds of LUTS (storage symp- 
toms) progression in men (coffee: >two 
cups/day vs. none, odds ratio=2.09, 95% 
confidence interval: 1.29, 3.40, p-trend 
=0.01; caffeine: p-trend<0.001). Citrus 
juice intake was associated with 50% 
lower odds of LUTS progression in men 
(p=0.02). Lohsiriwat [33] (2011) found 
that caffeine at a dose of 4.5mg/kg caused 
diuresis and decreased the threshold of 
bladder sensation at filling phase, with an 
increase in flow rate and voided volume. 
Nocturia was also found to be associated 
with caffeine consumption, especially if 
caffeine was consumed in the evening 
hours. 

Other findings suggest that high but not 
lower caffeine intake is associated with a 
modest increase in the incidence of fre- 
quent UUI. [34] It has been postulated that 
a fourth of the cases with the highest caf- 
feine consumption would be eliminated if 
high caffeine intake were eliminated. [35] 
Confirmation of these findings in other 
studies is needed before recommendations 
can be made. 


in a 
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Assessment of daily caffeine intake on 
all patients with UI and OAB and instruc- 
tions on the correlation between symp- 
toms and caffeine intake is integral to 
clinical practice. It is recommended that 
patients with incontinence and OAB avoid 
excessive caffeine intake (e.g., no more 
than 200 mg/day, two cups). 

In addition to caffeine, alcohol is also 
felt to have a diuretic effect that can lead to 
increased frequency. Anecdotal evidence 
suggests that eliminating dietary factors 
such as artificial sweeteners (aspartame) 
and certain foods (e.g., highly spiced foods, 
citrus juices, and tomato-based products) 
may play a role in continence. Current 
questionnaire-based data suggests that 
citrus fruits, tomatoes, vitamin C, artificial 
sweeteners, coffee, tea, carbonated and 
alcoholic beverages, and spicy foods tend 
to exacerbate LUTS, while calcium glycero- 
phosphate and sodium bicarbonate tend 
to improve IC/BPS symptoms. [36] The 
patient is instructed on an elimination diet 
by identifying possible irritating products 
on a “one by one” basis to see if symptoms 
decrease or resolve. 


Constipation and straining 
at stool 


Chronic constipation (defined as having 
less than three stools per week) and strain- 
ing during defecation can contribute to 
LUTS, specifically Uland OAB. Constipation 
is associated with impaired bladder emp- 
tying and worsening of irritative bladder 
symptoms. The close proximity of the 
bladder and urethra to the rectum and their 
similar nerve innervations make it likely 
that there are reciprocal effects between 
them. According to Kaplan and colleagues, 


[37] animal studies and clinical data 
support bladder-bowel cross-sensitization, 
or crosstalk between the bowel and bladder. 
The Epidemiology of Lower Urinary Tract 
Symptoms (EpiLUTS) II [38] survey of men 
and women (”=2160), aged 40 years old 
indicated that OAB is more likely to be 
reported if either gender had chronic con- 
stipation or fecal incontinence compared 
with those without OAB. In a case-control 
study of women with LUTS (n=820) and 
matched controls (n=148), constipation 
and straining during defecation were signif- 
icantly more common among the women 
with LUTS including detrusor overactivity 
and urgency than among the controls. [39] 
Jelovsek [40] reported a 36% overall rate 
of constipation in women with UI and 
advanced pelvic organ prolapse. 

Many experts believe that if excessive 
straining on defecation is a lifetime habit, 
it may have a cumulative effect on pelvic 
floor and bladder function causing dener- 
vation of the external anal sphincter and 
pelvic floor muscles. Patients with LUTS 
often report self-care practices to cope with 
LUTS by limiting fluid intake, a strategy 
that only worsens constipation. The use 
of antimuscarinic medications in patients 
with constipation can compound the prob- 
lem as constipation is a side-effect of these 
medications. So determining the patient’s 
bowel habits is an important first step in 
identifying changes that if reported should 
be managed, and a regimen that normal- 
izes defecation should be recommended. 
Self-care practices that promote bowel 
regularity are an integral part of any 
treatment care plan. Suggestions to reduce 
constipation include the addition of fiber 
to the diet, increased fluid intake, regular 
exercise, external stimulation, and estab- 
lishment of a routine defecation schedule. 
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High fiber intake must be accompanied 
by sufficient fluid intake. Improved bowel 
function can also achieved by determining 
a timetable for bowel evacuation so that 
the patient can take advantage of the urge 
to defecate. [27] 


Summary 


Lifestyle modifications are evidence- 
based interventions that can be effective in 
improving lower urinary treatment symp- 
toms. Clinicians should proactively assess 
patients for LUTS and recommend lifestyle 
practices and changes that may be contrib- 
uting or even causing a specific symptom. 
An important part of this assessment is 
determining the patient’s readiness to 
change as adherence to certain lifestyle 
changes may be difficult for an individual to 
follow long term. Sharing with the patient 
the evidence base for these changes may 
give them the motivation to try to change. 


References 


1 Newman, DK, Wein, A.J. Office-based behav- 
ioral therapy for management of incontinence 
and other pelvic disorders. Urol Clin North Am. 
2013;40(4):613-635. 

2 Burgio KL, Newman DK, Rosenberg MT, 
Sampselle C. Impact of behaviour and lifestyle 
on bladder health. Int J Clin Pract. 2013;67(6): 
495-504. doi: 10.1111 /ijep.1214. 

3 Wyman, JE Burgio, KL, Newman, DK. 
Practical aspects of lifestyle modifications and 
behavioural interventions in the treatme nt of 
overactive bladder and urgency urinary incon- 
tinence. [Review] Int J Clin Pract. 2009;63(8), 
1177-1191. 

4 Moore, K, Bradley, C, Burgio, B, et al. Adult 
conservative treatment. In Abrams P, Cardozo 
L, Khoury S, Wein A (Eds.): Incontinence: Pro- 
ceedings from the 5th International Consultation on 


10 


11 


12 


13 


14 


15 


Incontinence. Plymouth UK: Health Publications, 
2013: pp. 1101-1228. 

Gormley EA, Lightner DJ, Burgio KL, et al. 
Diagnosis and treatment of overactive bladder 
(non-neurogenic) in adults: AUA/SUFU guide- 
line. J Urol. 2012 ;188(6 Suppl):2455-63. doi: 
10.1016/j.juro.2012.09.079. Epub 2012 Oct 24. 
Shamliyan T, Wyman JE, Ramakrishnan R, 
et al. Systematic review: randomized, controlled 
trials of nonsurgical treatments for urinary 
incontinence in women. Ann Intern Med. 2008; 
Mar 18;148(6):459-473. 

Milson, I, Altman, D, Cartwright, R, et al. 
Epidemiology of urinary incontinence (UI) and 
other lower urinary tract symptoms (LUTS), 
pelvic organ prolapse (POP) and anal inconti- 
nence (AI). In Abrams P, Cardozo L, Khoury S, 
Wein A (Eds.): Incontinence: Proceedings from 
the 5th International Consultation on Incontinence. 
Plymouth: Health Publications, 2013: pp. 
15-107. 

Vaughan CP AA, Cartwright R, Johnson TM 
2nd, et al. Impact of obesity on urinary storage 
symptoms: results from the FINNO study. 2012;189 
(4):1377-1382. doi: 10.1016/j.juro.2012.10.058. 
Epub 2012 Oct 24. 2013. 

Subak LL, Richter HE, Hunskaar S. Obesity 
and urinary incontinence: epidemiology and 
clinical research update. J Urol. 2009;182: 
S2-7. 

Khullar V, Sexton CC, Thompson CL, et al. 
The relationship between BMI and urinary 
incontinence subgroups: Results from EpiLUTS. 
Neurourol Urodyn. 2013;18. 

Knoepp LR, Semins MJ, Wright EJ, Steele K, 
Shore AD, Clark JM, Makary MA, Matlaga BR, 
Chen CC. Does bariatric surgery affect urinary 
incontinence? Urology 2013;82(3):547-551. 
Osborn DJ, Strain M, Gomelsky A, et al. (2013). 
Obesity and female stress urinary incontinence. 
Urology 201;82(4):759-763. 

Subak LL, Wing R, West DS, et al. Weight loss 
to treat urinary incontinence in overweight 
and obese women. N Engl J Med. 2009;360: 
481-490. 

Wing RR, Creasman JM, West DS, et al. 
Improving urinary incontinence in overweight 
and obese women through modest weight loss. 
Obstet Gynecol. 2010;116:284-292. 

Wing RR, West DS, Grady D, et al. Effect 
of weight loss on urinary incontinence in 


Changes in lifestyle 71 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


overweight and obese women: results at 12 
and 18 months. J Urol. 2010; 184:1005-1010. 
Wasserberg N, Petrone P, Haney M, et al. Effect 
of surgically induced weight loss on pelvic 
floor disorders in morbidly obese women. Ann 
Surg. 2009;2249:72-76. 

Burgio KL, Richter HE, Clements RH, et al. 
(2007). Changes in urinary and fecal inconti- 
nence symptoms with weight loss surgery in 
morbidly obese women. Obstet Gynecol. 2007; 
110:1034-1040. 

Vissers D, Neels H, Vermandel A, et al. The 
effect of non-surgical weight loss interventions 
on urinary incontinence in overweight women: 
a systematic review and meta-analysis. Obes 
Rev. 2014;15(7):610-617. 

Hannestad YS, Rortveit G, Daltveit AK et al. 
Are smoking and other lifestyle factors associ- 
ated with female urinary incontinence? The 
Norwegian EPINCONT study. BJOG. 2003;110: 
247-254. 

Fitzgerald, S, Palmer, MH, Berry, SJ, Hart, K. 
Urinary incontinence: Impact on working 
women. AAOHN Journal 2000;48(3):112-118. 
Diokno AC, Burgio K, Fultz NH, et al. Medical 
and self-care practices reported by women 
with urinary incontinence. Am J Manag Care 
2004;10:69-78. 

Johnson TM, 2nd, Kincade JE, Bernard SL, 
et al. Self-care practices used by older men 
and women to manage urinary incontinence: 
results from the national follow-up survey on 
self-care and aging. J Am Geriatr Soc. 2000;48: 
894-902 

Segal S, Saks EK, Arya LA. Self-assessment of 
fluid intake behavior in women with urinary 
incontinence. J Womens Health (Larchmt). 2011; 
20(12):1917-1921. doi: 10.1089/jwh.2010.2642. 
Epub 2011 Oct 4. PMID: 21970566 

Hashim H, Abrams, P. How should patients 
with an overactive bladder manipulate their 
fluid intake? BJU Int. 2008;102:62-66. 
Institute of Medicine and Food and Nutrition 
Board. Dietary reference intakes for water, potassium, 
sodium, chloride, and sulfate. Washington, DC: 
National Academies Press; 2004. 

Newman, DK, Burgio, KL, Markland, AD, 
Goode, PS. Urinary incontinence: Nonsurgical 
treatments. In T L Griebling (Ed.) Geriatric 
Urology. London: Springer-Verlag Ltd, 2014: 
pp. 141-168. 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


Newman DK, Wein AJ. Managing and Treating 
Urinary Incontinence, 2nd Edn. Baltimore, MD: 
Health Professions Press, 2009: pp. 245-306. 
Wagg, AS, Chen, LK, Kirschner-Hermanns, R, 
et al. Incontinence in the frail elder. In Abrams 
P Cardozo L, Khoury S, Wein A _ (Eds.) 
Incontinence: Proceedings from the 5th International 
Consultation on Incontinence. Plymouth UK: 
Health Publications, 2013:1001-1228. 

Davis NJ, Vaughan CP, Johnson TM 2nd, 
et al. Caffeine intake and its association with 
urinary incontinence in United States men: 
results from National Health and Nutrition 
Examination Surveys 2005-2006 and 2007- 
2008. J Urol. 2013;189(6):2170-2174. doi: 
10.1016/j.juro.2012.12.061. Epub 2012 Dec 
28. PMID: 23276513. 

Gleason JL RH, Redden DT, Goode PS, et al. 
Caffeine and urinary incontinence in US 
women. Int Urogynecol J. 2013;24(2):295-302. 
doi: 10.1007/s00192-012-1829-5. Epub 2012 
Jun 15. 

Kershen R, Mann-Gow T, Yared J, et al. 
Caffeine ingestion causes detrusor overac- 
tivity and afferent nerve excitation in mice. J 
Urol. 2012;188(5):1986-1992. doi: 10.1016/j. 
juro.2012.07.010. Epub 2012 Sep 20. 
Maserejian NN, Wager CG, Giovannucci EL, 
et al. Intake of caffeinated, carbonated, 
or citrus beverage types and development 
of lower urinary tract symptoms in men 
and women. Am J Epidemiol. 2013;177(12): 
1399-1410. doi: 10.1093/aje/kws411. Epub 
2013 May 30. PMID: 23722012. 

Lohsiriwat SHM, Chaiyaprasithi B. Effect 
of caffeine on bladder function in patients 
with overactive bladder symptoms. Urol 
Ann. 2011;3(1):14-18. doi:10.4103/0974-7796. 
75862. 

Townsend MK RN, Grodstein F. Caffeine intake 
and risk of urinary incontinence progression 
among women. Obstet Gynecol. 2012;119(5): 
950-7. doi: 10.1097/AOG.0b013e31824fc604. 
Jura YH TM, Curhan GC, Resnick NM, 
Grodstein F. Caffeine intake, and the risk of 
stress, urgency and mixed urinary inconti- 
nence. J Urol. 2011;185(5):1775-1780. doi: 10. 
1016/j.juro.2011.01.003. Epub 2011 Mar 21. 
Shorter B, Lesser M, Moldwin R, Kushner L. 
Effect of comestibles on symptoms of intersti- 
tial cystitis. J Urol. 2007;178:145-152. 


72 


First Line Management 


37 


38 


Kaplan R, Dmochowski BD, Cash ZS et al. 
Systematic review of the relationship between 
bladder and bowel function: implications for patient 
management Int J Clin Pract.2013;67(3): 205-216, 
doi: 10.1111 /ijcp.12028. 

Coyne KS, Cash B, Kopp Z et al. The preva- 
lence of chronic constipation and faecal 
incontinence among men and women with 
symptoms of overactive bladder. BJU Int 
2011;107:254-61. 


39 


40 


Manning J, Korda A, Benness C, Solomon M. The 
association of obstructive defecation, lower urinary 
tract dysfunction and the benign joint hypermo- 
bility syndrome: a case-control study. Int Urogynecol 
J Pelvic Floor Dysfunct. 2003;14: 128-132. 

Jelovsek JE, Barber MD, Paraiso MF, et al. 
Functional bowel and anorectal disorders 
in patients with pelvic organ prolapse and 
incontinence. Am J Obstet and Gynecol. 2005; 
193:2105-2111. 


PATIENT GUIDE 1 


Lifestyle changes that can improve 


bladder symptoms 


Maintain a healthy weight 


Being overweight can put pressure on your 
bladder, which may cause leakage of urine 
when you laugh or cough. If you are over- 
weight, weight loss can reduce this increased 
pressure on your bladder (Table A2). 


Stop smoking 


Cigarette smoking is irritating to the bladder 
muscle. It can also lead to coughing spasms 
which can cause urinary leakage (Table A2). 


Table A1 Caffeine content of some foods and drugs 


Size Caffeine 
content (mg) 
Coffee 8oz 133 (range, 102-200) 
Tea 8oz 53 (range, 40-120) 
Soft drinks 120z 35-72 
Energy drinks 8-200z 48-300 
Chocolate candies varies 9-33 


Excedrin 2 tablets 130 


(extra-strength) 


Anacin (maximum 2 tablets 64 
strength) 
Vivarin, NoDoz 1 tablet 200 


Source: Adapted from: Moore, K et al. In Abrams P, 
Cardozo L, Khoury S, Wein A (Eds.): Incontinence: 
Proceedings from the 5th International Consultation on 
Incontinence. Plymouth UK: Health Publications, 
2013;1101-1228. 


Moderate liquid 
and beverage intake 


Many people who have bladder problems 
will drink less, hoping they will need to 
urinate less often. While drinking less 
liquid does result in less urine in your 
bladder, a much smaller amount of urine 
may be more highly concentrated and irri- 
tate the lining of your bladder. Concentrated 
urine (dark yellow, strong smelling) may 
cause you to go to the bathroom more fre- 
quently. Also, drinking too little fluids can 
cause dehydration. Do not limit your fluids 
to control your bladder symptoms unless 
your doctor or nurse tells you to. 

Other people may increase the amount 
they drink because they think more urine 
in the bladder will cause less bladder pain 
and discomfort. But drinking too much 
fluid will cause you to go to the bathroom 
more often. You should avoid extremes in 
the amount you drink (neither too much 
nor too little). 

Normal fluid intake is 50-70 ounces 
(1 0z=30ml) of liquid each day. This means 
that each day, you should consume the 
equivalent of six to eight 8-ounce glasses 
of liquids (any beverages and soups). This 
should produce a healthy 40-50 ounces 
of urine in 24 hours. People who work in 
hot climates or exercise heavily need more 
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Table A2 Levels of evidence and recommendations lifestyle modifications 


Lifestyle practice Levels of evidence 


Recommendations 


Fluid Fluid intake may play a minor role in 
the pathogenesis of UI. 
Caffeine Caffeine consumption may play a role 


in exacerbating UI. Small clinical trials do 
suggest that decreasing caffeine intake 


improves continence. 
Level of Evidence: 2 
Bowel function 


for the development of UI. 
Level of Evidence: 3 
Obesity 


obese women. 
Level of Evidence: 2 


There is some evidence to suggest that 
chronic straining may be a risk factor 


Massive weight loss (15 to 20 BMI points) 
significantly decreases UI in morbidly 


Minor decrease of fluid intake by 25% may be 
recommended provided baseline consumption 
is not less than 30 ml/kg a day 

Grade of Recommendation: B 

Caffeine reduction may help in improving 
incontinence symptoms 

Grade of Recommendation: B 


Further research is needed to define the role of 
straining during defecation in the 
pathogenesis of UI. 


Weight loss in obese and morbidly should be 
considered a first line treatment to reduce UI 
prevalence 

Grade of Recommendation: A. 


Moderate weight loss may be effective in 
decreasing UI especially if combined with 


exercise 
Level of Evidence: 1 
Smoking 


fluids because of loss through perspiration, 
but their urine output should still be 
approximately 40-50 ounces. Do not drink 
large amounts at one time; instead, sip 2 to 
3 ounces every 20 to 30 minutes between 
meals. It is very unlikely that you will need 
to drink more than 2 quarts (or 8 cups) of 
total fluids each day (Table A2). 


Further prospective studies are needed to 
determine whether smoking cessation prevents 
the onset, or promotes the resolution, of UI. 


Monitor your diet 


Certain food and beverages can irritate 
the bladder and make symptoms worse. 
These include alcoholic beverages, caffein- 
ated foods (soft drinks, coffee or tea, 
chocolate, energy drinks), and/or carbon- 
ated beverages, tomato-based products, 
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citrus fruits and juices, spicy foods, and 
artificial sweeteners (e.g., Equal). Also some 
over-the-counter drugs and prescription 
medications can worsen bladder problems 
such as Excedrin, Midol, Anacin. Do not 
stop taking prescription drugs without first 
talking to your healthcare provider. Here is 
the caffeine content of some foods and 
drugs (Table Al) (Table A2). 


Maintain bowel regularity 


Keeping regular and healthy bowel habits 
may lessen bladder symptoms. Some sugges- 
tions include: (i) increase fiber-rich foods in 


your diet such as beans, pasta, oatmeal, bran 
cereal, whole wheat bread, fresh fruits and 
vegetables; (ii) exercise to maintain regular 
bowel movements; (iii) drink plenty of non- 
irritating fluids (water); (iv) see your doctor 
if you have bowel problems (Table A2). 
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KEY POINTS 


trained physical therapist. 


training program. 


A voluntary pelvic floor muscle contraction can inhibit urgency to void and detrusor contraction. 


Patients can be taught the correct pelvic floor muscle contraction by vaginal palpation of a 


Training of a voluntary contraction in situations where urgency is likely to occur may help the 
person to inhibit bladder contraction and enable them to reach the toilet without leaking. 


There are several training regimens presented, but there is no evidence regarding the most effect 


e There is an immediate need for high quality randomized controlled trials in selected groups of 
patients with overactive bladder symptoms only. 


Physical therapy 


Physical therapy for the pelvic floor implies 
management by a trained physical therapist 
and includes history taking; assessment of 
pelvic floor muscle function using observa- 
tion, palpation, and measurement with 
manometer, dynamometer, and/or ultra- 
sound; and the set-up of an individual 
treatment plan targeting the goals of the 


patient. 
Conservative treatment of overactive 
bladder (OAB) symptoms includes 


bladder training, pelvic floor muscle 
training (PFMT) with and without bio- 
feedback, electrical stimulation, and often 


many of the interventions are combined. 
Unfortunately, to date most systematic 
reviews on conservative treatments of 
OAB symptoms do not separate studies 
on patients with symptoms or urodynamic 
diagnosis of stress urinary incontinence 
(SUI), urgency 
(UUI), or mixed urinary incontinence 
(MUI). The combination of heteroge- 
patient groups in 
reviews and meta-analyses may obscure 
the real cure rate for each of the 
diagnoses. 

The mechanisms of OAB symptoms are 
not yet thoroughly understood, and patho- 
physiological factors may vary among 


urinary incontinence 


neous systematic 


Overactive Bladder: Practical Management, First Edition. Edited by Jacques Corcos, Scott MacDiarmid 


and John Heesakkers. 


© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd. 


76 


Physical therapy 77 


patients. Optimally, the physical therapy 
intervention should relate to the under- 
lying pathophysiological condition to be 
effective. 


Methods 

This review is based on four former 
systematic reviews on conservative treat- 
ments for UI and OAB symptoms [1-4], 
Cochrane reviews [5-8]), Guidelines of the 
European Association of Urology (EAU) 
[9] and the International Consensus on 


Incontinence (ICI). [10] 


Scheduled voiding/bladder 
training 

Scheduled voiding is “a treatment 
program designed to gradually increase a 
person’s control over voiding function 
and urgency and to reduce episodes of 
incontinence.” [9] It has also been named 
bladder training, bladder drill, bladder 
discipline, and bladder re-education. 
Bladder training will be used in this 
chapter as this is the commonly used 
term in published studies up till now. 
Different strategies have been used in dif- 
ferent protocols and the patients are often 
also instructed on bladder function and 
fluid intake, for caffeine 
restriction and bowel habits. One method 
is to ask the patient to void according to a 
fixed voiding schedule; another is to 
motivate patients to follow their own 
bladder diary/voiding chart (habit 
training). Timed voiding is voiding initi- 
ated by the patient, while prompted void- 
ing is voiding initiated by the caregiver. 
[9] Bladder training is simple, relatively 
inexpensive, and free from unpleasant 
side-effects. [4] 


example 


Rationale 

According to Wyman [4] it is unclear how 

bladder training achieves its effect. The fol- 

lowing explanations have been proposed: 

e Improved cortical inhibition 
involuntary detrusor contractions. 

e Improved cortical facilitation over ure- 
thral closure during bladder filling. 

e Improved central modulation of afferent 
sensory impulses. 


over 


e The individual becoming more knowl- 

edgeable and aware of circumstances that 
incontinence and so changes 
behavior in ways that increase the reserve 
capacity of the lower urinary tract system. 


cause 


Evidence 

Bladder training has traditionally been 

advocated for OAB and contradictory 

results have been shown for stress urinary 

incontinence (SUI). Wyman et al. [11] 

found effect both in SUI and urgency 

urinary incontinent women and no 
difference in effect of PFMT and bladder 
training in the SUI group. However, 

Sherburn et al. [12] showed significantly 

better effect of PFMT than bladder training 

in a group of elderly women with SUI. 

Most studies on bladder training are on 

females, and Moore et al. [10] concluded 

that there is insufficient evidence avail- 
able to comment on the effectiveness of 
bladder training/timed voiding in men 

(limited level 3 evidence). The evidence 

summary from the European Association 

of Urology (EAU) on bladder training is as 

follows: [9] 

e There is limited evidence that supervised 
bladder training is better than no 
treatment in women with UUI and 
mixed urinary incontinence: 1b. 

e The effectiveness of bladder training dimin- 
ishes after the treatment has ceased: 2. 


78 First Line Management 


e There is inconsistent evidence to show 
whether bladder training is better than 
drug therapy: 2. 

e A combination of bladder training with 
antimuscarinic drugs does not result in 
greater improvement of UI but may have 
other benefits: 2. 

e Bladder training is better than pessary 
alone: 1b. 

e Timed voiding reduces leakage episodes 
in cognitively impaired men and women: 
1b. 


Clinical recommendations 

The EAU recommendations on bladder 

training are: [9] 

e Bladder training should be offered as a 
first line therapy to adults with urgency 
urinary incontinence or mixed urinary 
incontinence: A. 

e Timed voiding should be offered to 
adults with urinary incontinence who 
are cognitively impaired: A. 

Wyman [4] recommended that bladder 

training programs should be initiated by 

assigning an initial voiding interval based 
on baseline voiding frequency and that 
this is often set at 1h intervals during 

(shorter intervals, e.g., 

30min, may be necessary). The schedule 

can then be increased by 15-30min per 
week depending on the patients’ toler- 
ance to the schedule. Self-monitoring of 
voiding behavior using voiding diaries 
should be used. Moore et al. [10] gave 

a grade D recommendation that health 

professionals should provide the most 

intensive bladder training supervision 
that is possible within service constraints. 

If there is no improvement after three 

weeks of bladder training, the patient 

should be offered other treatment 
options. 


waking hours 


Pelvic floor muscle training 


Systematic reviews of RCTs in the general 
female population conclude that PFMT has 
Level 1, Grade A evidence for effective- 
ness, and there is consensus that PFMT 
should be first line treatment for SUI and 
MUI. [5, 10] The effect of PFMT on OAB 
symptoms, is however, still under debate. 


Rationale 

Shafik and Shafik [13] investigated the 
effect of a voluntary PFM contraction on 
detrusor and urethral pressures in 28 
patients with OAB (mean age 48. 8 
years + 10.2 years, 18 men and 10 women) 
and 17 healthy volunteers (mean age 
42.6years+9.8years, 12 men and 5 
women). They found that during PFM 
contraction the urethral pressure signifi- 
cantly increased and vesical pressure sig- 
nificantly decreased in both patients and 
healthy subjects. The change during PFM 
contraction was significantly larger in the 
healthy volunteers. The authors concluded 
that PFM contractions led to a decline of 
detrusor pressure, an increase of urethral 
pressures, and suppression of the micturi- 
tion reflex, and that the results encourage 
PFM contractions in treatment of OAB. 

It is known from clinical experience 
that patients can inhibit 
urgency, detrusor contraction, and urinary 
leakage by walking, bending forwards, 
crossing their legs, using hip adductor mus- 
cles with or without conscious co-contrac- 
tion of the PFM, or by conscious contraction 
of the PFM alone. After inhibition of the 
urgency to void and detrusor contraction, 
the patients may gain time to reach the 
toilet and thereby prevent leakage. The 
reciprocal inhibition reflex runs via cerebral 
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control, recruiting ventral horn motor neu- 

rons for voluntary PFM contraction and 

inhibiting the parasympathetic excitatory 
pathway for the micturition reflex via 

Onuf’s ganglion. This mechanism has been 

exploited as part of bladder training regi- 

mens. [14] There may therefore be two 
main hypotheses for the mechanism of 

PFMT to treat urgency incontinence: 

e intentional contraction of the PFM 
during urgency, and holding of the con- 
traction till the urge to void disappears; 

e strength training of the PFM with long- 
lasting changes in muscle morphology, 
which may stabilize neurogenic activity. 

None of the studies in this field (neither 
uncontrolled studies nor RCTs) have evalu- 
ated whether changes in the inhibitory 
mechanisms really occur after PFMT. In 
addition, research in this area is relatively 
new, and there does not seem to be any con- 
sensus on the optimal exercise protocol to 
prevent or treat OAB. [2] The theoretical 
basis of how PFMT may work in the treatment 

of OAB therefore remains unclear. [1, 15] 


Evidence 
Four RCTs using PFMT alone to treat symp- 
toms of OAB were found. [15-18] 
Nygaard et al. found [16] significant 
improvement in many variables in the 
subgroup of women with detrusor insta- 
bility. There was no difference in outcome 
between the two randomized groups, and 
no comparison with non-treated controls. 
Berghmans et al. [15] did not demonstrate 
any significant effect of their exercise 
protocol compared to an untreated control 
group. Wang et al. [18] found that the 
significant subjective improvement/cure 
rate of OAB was the same between the 
electrical stimulation group and in the bio- 
feedback-assisted PFMT group, but lower 


in the PFMT home training group. Millard 
[17] did not show any additional benefit 
for a simple PFMT protocol (two-page 
instruction, no assessment of 
ability to contract, and no follow-up or 
supervised training). To date the effect of 
PFMT on OAB is therefore questionable. 

The quality of the interventions and 
dose-response issues are difficult to judge 
because there are no direct recommenda- 
tions on how PFMT should be conducted 
to inhibit urgency and detrusor contrac- 
tion. The published studies have all used 
different exercise protocols. Berghmans et 
al. [15] and Millard [17] included inten- 
tional contraction of the PFM to inhibit 
detrusor contractions in addition to a 
strength training program. However, 
Millard [17] did not report adherence, and 
Berghmans et al. [15] also included bladder 
training in their protocol. The protocol 
from Berghmans et al. did not show any 
effect when compared with untreated con- 
trols. In Millard’s study [17] a very weak 
exercise protocol was conducted. There 
was no control of ability to contract the 
PFM, patients were left alone to exercise, 
and there was no report on adherence to 
the exercise protocol. The exercise period 
varied between 9 and 12 weeks in duration 
in the four RCTs. This may be too short to 
treat a complex condition such as OAB. 

In conclusion, there are few RCTs in 
this area and the results are difficult to 
interpret. The exercise protocols may not 
have been optimal. Because the patho- 
physiological background for OAB is not 
clear, it is difficult to plan an optimal 
training protocol. Based on the theoretical 
knowledge and symptoms of OAB it seems 
reasonable to put more emphasis on the 
inhibition mechanisms of the PFM con- 
traction, and teaching and follow-up of 
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patients trying to contract the PFM when 
there is an urge to void. There is a need for 
more basic research to understand the role 
of a voluntary PFM contraction in inhibi- 
tion of the micturition reflex. Future RCTs 
with high interventional and methodolog- 
ical quality are recommended. 


Clinical recommendations 

Clinical experience and basic research 
show that it may be possible to learn to 
inhibit detrusor contraction by intention- 
ally contracting the PFM and holding the 
contraction to stop the urge to void. A pro- 
tocol based on patients’ experiences needs 
to be tested in a high-quality RCT. 


Electrical stimulation 


Electrical stimulation has a long tradition 
in physical therapy, although there is an 
ongoing debate on the rationale and evi- 
dence for its effectiveness. [19] For symp- 
toms of OAB, urologists and gynecologists 
have used different modalities of electrical 
stimulation since the late 1970s. 


Rationale 
Godec et al. [20] studied 40 patients with 
cystometrograms, taken during and after 
3min of 20Hz functional electrical stimu- 
lation (FES). The results showed that, dur- 
ing FES, hyperactivity of the bladder was 
diminished or completely abolished in 31 
of 40 patients. One minute after stimula- 
tion cessation, the inhibition was still pre- 
sent. Mean bladder capacity also increased 
significantly, from 151+126ml _ to 
2064131 ml (p<0.05). 

De Groat [21] noted that during the 
storage of urine, distension of the bladder 
produces low-level vesical afferent firing. 


This stimulates the sympathetic outflow to 
the bladder outlet (base and urethra), and 
the pudendal outflow to the external 
urethral sphincter. He stated that these 
responses occur by spinal reflex pathways, 
representing "guarding reflexes" that pro- 
mote continence. Sympathetic firing also 
inhibits the detrusor muscle and bladder 
ganglia. Morrison [22] claimed that the 
excitatory loop through Barrington’s mic- 
turition center is switched on at bladder 
pressures between 5 and 25mmdHg, 
whereas the inhibitory loop through the 
raphe nucleus is active predominantly 
above 25mmHg. The inhibition is at the 
automatic level, with the person not being 
conscious of the increasing tone in the 
PFM and urethral wall striated muscles. 


Evidence 
There are no Cochrane reviews on the 
effect of electrical stimulation for OAB 
symptoms. 
Berghmans, [23] nine RCTs were found. 
Methodological quality was rated with 
PEDro score (0-10 with 10 as the highest 
possible score) and ranged from 3 to 8. 
Electrical stimulation studies offered an 
infinite combination of current types, 
waveforms, frequencies, intensities, elec- 
trode placements, and electrical stimula- 
tion probes and so on. Without a clear 
biological rationale for the cause of OAB 
symptoms, Berghmans [23] stated that 
it is difficult to make choices of effec- 
tive electrical stimulation parameters. 
Berghmans [23] concluded that there was: 
e some evidence that intensive office 
bound and home electrical stimulation is 
better than no or placebo treatment for 
women with OAB and/or UUI symp- 
toms (some of the studies included both 
men and women); 
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e insufficient evidence to determine 
whether electrical stimulation is better 
than PFMT with and without biofeed- 
back or medication; 

e no studies evaluating if there is extra 
benefit of adding electrical stimulation to 
other treatments. 

Lucas et al. [9] in the EAU Guidelines con- 

cluded that evidence for electrical stimula- 

tion is inconsistent for whether electrical 
stimulation alone can improve UI, and that 
there were no consistent evidence of efficacy 
of magnetic stimulation (the chair) for the 
cure or improvement of UI. For posterior 
percutaneous tibial nerve stimulation 
(PINS) it was concluded that there are not 
enough data to make a conclusion about the 
effectiveness in men, that it is effective in 
women with UUI who cannot tolerate anti- 
cholinergic medication (2a), and that it does 
not give benefit for women with UUI who 
have not responded to anticholinergic med- 
ication (1b). No serious adverse effects have 
been reported for PTNS in UUI. [9] Moore 
et al. [10] concluded that the included 
studies on electrical stimulation were gener- 
ally assessed as having a high risk of bias and 
that heterogeneity between studies meant it 
was not appropriate to pool the data. 
Clinical recommendations for electrical 

stimulation for OAB: [23] 

e intensive treatments with both office 
and home use; 

e stochastic frequency: 4-10 Hz; frequency 
modulation 0.1 s; 

e intensity: J... 

e pulse duration: 200-500 ps; 

e biphasic, duty circle: 13s 5/8; 

e shape of current: rectangular; 

e number and time schedule of sessions: 
daily at home 2 X 20min 7 day; office 1 
x 30 min/week; 

e duration of treatment period: 3—6 months. 


In conclusion, so far the evidence for 
physical therapy in treatment of OAB - 
bladder training, PFMT, and electrical stim- 
ulation — are not convincing. There are, 
however, few RCTs of high interventional 
and methodological quality in this area. 
There is a theoretical rationale and support 
from basic science for a possible effect 
through inhibition of the detrusor contrac- 
tion, and there is an immediate need for 
further high quality studies. 
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Second Line Management 


CHAPTER 9 


Oral medication for overactive bladder 


Roger Dmochowski and Jill Danford 
Vanderbilt University Medical Center, Nashville, TN, USA 


KEY POINTS 


conjunction with behavioral therapy. 


Overactive bladder (OAB) is a prevalent and bothersome condition. 


A variety of oral agents are available for the therapy of OAB and these should be used in 


e Antimuscarinic agents are the most commonly used agents for the therapy of OAB. 


e Antimuscarinic agents are similar in efficacy and tolerability, with the exception that long-acting 
agents may be associated with less occurrence of dry mouth. 


The Beta 3 agonist mechanism of action has recently been shown to be effective for OAB. 
e Beta 3 agonists have similar efficacy to antimuscarinic agents, but less adverse events. 


Persistent OAB symptoms may require more intensive therapies. 


Introduction 


The prevalence of overactive bladder in the 
population has propelled the many phar- 
macologic options currently available to 
practitioners. It is estimated that 13-17% 
of women and 16% of men in the US are 
diagnosed with overactive bladder. [1, 2] 
Until recently, the first line treatment in 
oral therapy has been a muscarinic receptor 
antagonist. With the recent addition of 
Beta 3 adrenergic receptor agonists, there 
is another option with a different mecha- 
nism of action, available. Classification of 
medications and dosing is seen in Table 9.1. 


Antimuscarinics 


Overview 

Antimuscarinics are the most frequently 
prescribed medications for OAB and have 
been the gold standard of treatment. Despite 
this, the exact mechanism of action is not 
completely understood. Traditionally it was 
thought that these drugs block activity of 
acetylcholine at the muscarinic receptor 
sites. This was thought to decrease detrusor 
muscle contraction. However studies have 
shown that antimuscarinics also may have 
an afferent effect on storage phase. [3] 
Acetylcholine is now thought to directly or 
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Table 9.1 Currently available oral agents for therapy of the overactive bladder 


Drug Dose 


Special considerations 


Antimuscarinics 


Oxybutynin IR: 2.5-7.5 mg bid-tid 

ER: 5-30 mg qday 
Trospium IR: 20mg bid 

ER: 60mg qday 
Tolterodine IR: 1-2 mg bid 

EF: 2-4mg qday 
Fesoterodine 4-8 mg qday 
Solifenacin 5-10mg qday 
Darifenacin 7.5-15mg qday 
Beta 3 AR Agonist 

irabegron 25-50 mg qday 

Antidepressants 
mipramine 75mg qday 
Doxepin 25-50 mg qday 
Duloxetine 40mg bid 


indirectly stimulate afferent activity from 
the bladder and contribute to OAB and 
detrusor overactivity. [4] Inhibiting this 
effect decreases urgency symptoms and 
increases bladder capacity without affecting 
actual detrusor contraction. 


Important properties 

e Some antimuscarinics are tertiary amines 
while others are quaternary amines. 
Tertiary amines are well absorbed in the 
gastrointestinal tract and can theoretically 
pass the blood-brain barrier. Quaternary 
amines are not as well absorbed and do 
not readily cross blood-brain barrier. 
These have lower CNS side-effects. 

e Many are metabolized the 
cytochrome P450 system. This can cause 
significant drug—drug interactions 


via 


Adverse effects 

Muscarinic receptors are prevalent 
throughout the body, and these locations 
correspond to the most common side-effects. 


IR with increased CNS effects and 
dry mouth/constipation 
Renally cleared 


May elevate BP 


While all five muscarinic receptors, M,—-M, 
have shown RNA activity in detrusor muscle, 
increased activity of M, and M, had been 
demonstrated, with M, showing a 3:1 pre- 
dominance over M,. M, controls detrusor 
contraction. M, receptors are found in sali- 
vary glands, nerves, and CNS. In addition to 
the bladder, M, receptors are found in the 
heart, nerves, and other smooth muscle, 
especially gastrointestinal. M, receptors are 
present in GI smooth muscle, salivary glands 
and endothelium. M, receptors are found 
predominantly in the CNS. M, are also found 
in the CNS as well as salivary glands and the 
eye to control iris sphincter contraction. [5] 
Dry mouth, headache, constipation, blurry 
vision, and dizziness are seen most often. 
Serious side-effects are uncommon, however 
cardiac effects are possible with this drug 
class. Increase in heart rate as well as QT 
prolongation can occur. The CNS side-effects 
are also uncommon, but those of concern 
are cognitive dysfunction and memory 
impairment. 
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e Contraindications: 
o Untreated narrow-angle glaucoma 
o Gastric retention. 

e Relative contraindication: 
o Older patients with dementia. 


Evidence for efficacy 

There are several antimuscarinic drugs 

currently approved for OAB. Large meta- 

analyses have shown the efficacy of these 
medications over placebo. 

e One such study by Novara et al. looked 
at 50 RCTs and three pooled analyses. 
They concluded that antimuscarinics are 
effective and determined that extended 
release (ER) is preferred over immediate 
release (IR) due to adverse reactions. 
They also concluded that there are insuf- 
ficient studies to determine which medi- 
cations should be first, second, and third 
line treatments. [6] 

e An analysis by Chapple et al. reviewed 
73 trials. They concluded that antimus- 
carinics are superior over placebo. They 
too found that once daily dosing is better 
tolerated and that drugs should be 
tailored to certain patients. [7] 

e Hartmann et al. for the Agency for 
Healthcare Research and Quality (AHRQ) 
performed a mixed effects meta-analysis 
of 273 publications for the treatment of 
medications in OAB in women. Their 
conclusions stated that while antimusca- 
rinic drugs were effective, these effects 
were modest: improved >1 OAB symptom 
compared to placebo, and depended on 
patient’s subjective complaints. [8] 

e Gormley et al. found no compelling evi- 
dence for differential efficacy across 
medications. They concluded that 
patients with worse symptoms had the 
most improvement and that patients 
with lower levels of urge incontinence 


were more likely to achieve complete 

symptomatic relief. 
While none of these medications appear to 
be superior to each other in efficacy, the 
side-effect profile may differ from one 
medication to the other. There are also dif- 
ferences in the exact mechanism of action 
between individual medications in this 
class that may indicate one is superior to 
another in a specific patient. 


Compliance 

A large proportion of patients will discon- 
tinue use within the first 30 days and fewer 
than half refill prescriptions. [9, 10] When 
patients are asked why they did not con- 
tinue medication, reasons cited were “did 
not work as expected” (45%) and “side- 
effects” (35%). There has not been an 
increased rate of compliance shown with 
newer medications. 


Oxybutynin 

This was the first antimuscarinic to be 
studied for OAB. It is a tertiary amine with 
M, and M, selectivity with both IR and ER 
formulations. The IR formulation has P450 
metabolism, therefore it has increased rates 
of all side-effects, especially dry mouth. 
There is also an increased rate of CNS side- 
effects in the IR formulation manifesting as 
dizziness, cognitive dysfunction, memory 
impairment, and fatigue. The most frequent 
side effects are dry mouth and constipation. 
The recommended dose for the IR formula- 
tion is 2.5mg 2-3 times a day titrating up to 
20mg per day divided 2-3 times. The ER 
formulation dosing starts at 5mg once daily 
and titrates up to 30mg once daily. 


Trospium 
This medication is a quaternary amine, 
therefore crosses blood-brain barrier only 
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to a limited extent. [11] Previously there 
was concern that this increased with 
patient age. However, a recent rodent 
study showed that penetration does not 
change in adult mice compared with aged 
mice. [12] It has both IR and ER formula- 
tions. Trospium is the only antimusca- 
rinic that is renally cleared, which means 
it is not metabolized by P450. Because of 
this the ER formulation should not be 
used in patients with renal 
impairment (GFR <30ml/min). However 
it may allow for fewer drug—drug interac- 
tions. There is no muscarinic receptor 
selectivity Several randomized 
controlled trials have been performed 
comparing trospium with placebo and 
these proved an increased efficacy over 
placebo. It has also been compared to 
oxybutynin, which showed that it has 
similar efficacy but has a lower side-effect 
profile. They concluded that trospium 
might be better tolerated than oxybu- 
tynin in most patients. The most frequent 
side effects are dry mouth and constipation. 
[13] Dosing for the IR formulation is 
20mg twice daily and for ER is 60mg 
once daily. 


severe 


seen. 


Tolterodine 

This drug is a tertiary amine with no selec- 
tivity for muscarinic receptors. It is readily 
metabolized by P450. Because of its low 
lipophilicity, there is some cross-over 
through the blood-brain barrier. While 
there have been case reports of cognitive 
adverse events mimicking dementia, this 
has not been seen in prospective trials. A 
meta-analysis of tolterodine versus oxybu- 
tinin showed that tolterodine was better 
tolerated. [14] Dosing for the IR formula- 
tion is 1-2 mg twice daily and for the ER is 
2-4mg once daily. 


Fesoterodine 

Fesoterodine is a prodrug that is converted 
to 5-hydroxymethy] tolterodine. Similarly, 
it is a non-selective muscarinic receptor 
and it metabolized by P450. Most common 
side-effects are dry mouth and constipa- 
tion. The suggested dosing is 4 and 8mg 
once daily. A comparison of the 4mg 
versus 8mg dosing showed significant 
improvement with several factors of OAB 
including incontinence episodes, number 
of incontinent days a week, and urgency 
with incontinence. [7] 


Solifenacin 

This drug is a tertiary amine that is a 
relatively M, receptor antagonist. It is 
metabolized by P450 and readily absorbed 
through the gastrointestinal epithelium 
(90% availability). The VECTOR study 
was a RCT that compared solifenacin to 
oxybutynin IR. Efficacy was similar; how- 
ever patients in the solifenacin arm were 
less likely to report dry mouth than in the 
oxybutynin arm. [15] Despite this, the 
most common side-effects are dry mouth 
and constipation. Dosing is 5-10 mg once 
daily. 


Darifenacin 

This medication is a tertiary amine with 
high selectively to M,. It also is metabo- 
lized by P450 and does not extensively 
cross the blood-brain barrier. Most 
common side-effects are dry mouth and 
constipation without cardiac or CNS effects 
greater than placebo. Haab et al. performed 
a RCT comparing darifenacin to placebo 
and showed significant improvement of 
OAB symptoms over placebo. While dry 
mouth and constipation were the most 
common sid- effects, few participants with- 
drew from the study for these effects. They 


Oral medication for overactive bladder 89 


did not note any more CNS or cardiac 
adverse events compared to placebo. [16] 
The recommended dosing is 7.5-15mg 
once daily. 


Beta 3 (f,) adrenergic 
receptor (AR) agonists 


Mirabegron 

This is the first B, AR agonist and currently 
the only one approved by the FDA. Bf, 
adrenergic receptors are found in the 
urothelium of the bladder wall. These 
medications are thought to facilitate urine 
storage through stimulation of B, adreno- 
receptors thus facilitating bladder relaxa- 
tion. [17] The most common adverse 
events are increased BP, nasopharyngitis, 
UTI, constipation, fatigue, tachycardia, and 
abdominal pain. Mirabegron is contraindi- 
cated in patients with uncontrolled HTN. 
Three, double blind, placebo controlled 
studies have been performed that demon- 
strated a decrease in mean urinary inconti- 
nence episodes a day and mean number of 
voids a day from baseline versus placebo. 
However, there have not been any trials 
performed that have a trial period greater 
than 12 weeks. [18] As this is a newer 
medication, more studies are currently 
being performed. Mirabegron’s dosing is 
25mg and 50mg daily. Studies have shown 
that both doses maintained efficacy. 


Antidepressants 


Tricyclic antidepressants - 
Imipramine and Doxepin 

These medications are alpha agonists with 
anticholinergic activity; however, exact 
mechanism of action of tricyclics in OAB is 


not understood. There are three proposed 
mechanisms for activity: (i) they have anti- 
muscarinic activity, (ii) block transport 
system for reuptake of norephinephrine 
and serotonin, and (iii) they are sedatives 
possibly related to their antihistamine 
properties. Because of these properties 
they can be used in women with mixed 
incontinence as well as OAB. The AHCPR 
Guidelines cite only three RCTs for both 
medications with a cure rate of 31% and 
urgency incontinence reduction ranging 
from 20-77%. [8] These trials were deter- 
mined to not be of good quality and others 
have not been performed, however these 
medications can be useful for patients who 
cannot tolerate first-line medications. 
Tricyclic antidepressants should not be 
used in older patients due to orthostatic 
hypotension concerns. 


Duloxetine 

This medication is a serotonin norepineph- 
rine reuptake inhibitor that 
bladder capacity. Studies have shown a 
slight decrease in leakage episodes in 
women with mixed urinary incontinence 


increases 


versus placebo; however cure rates are the 
same as placebo. [19] Duloxetine is not 
FDA approved for this indication. 
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KEY POINTS 


The prevalence of OAB increases with age in an essentially linear association from 25 to 75 years, 
with urge incontinence affecting approximately 12% of women aged 45 to 54 years. [3] 


OAB can severely impair physical and mental wellbeing. Nocturia reduces quality of sleep and 
OAB symptoms, particularly if accompanied by incontinence, may reduce work productivity and 
sexual activity, and limit mobility and social interactions. [3-6] 


Once a sufferer’s QOL impact is significant, he/she will likely request therapy. Pharmacotherapy 
represents the mainstay of OAB treatment, but efficacy is frequently limited by undesirable anti- 
cholinergic side-effects including dry mouth, constipation, dry eyes, and others. 


Discontinuation rates are quite high as many may feel that “the treatment is worse than the 
disease.” 


Oxybutynin (OXY) is one of the principal anticholinergic agents used for OAB around the world, 
with high reported efficacy rates, but parallel high rates of anticholinergic side-effects. Due to its 
molecular size, lipophilicity, and ability to be transferred transdermally, OXY has been identified 
as an agent particularly appropriate for transdermal (TD) delivery in order to alter its metabolism 
and reduce the occurrence of undesirable side-effects. 


Rationale for TD OXY 
delivery 


The prevalence of OAB increases with age 
in an essentially linear association from 25 
to 75 years, 
affecting approximately 12% of women 
aged 45 to 54 years. [3] OAB can severely 
impair physical and mental wellbeing. 
Nocturia reduces quality of sleep and OAB 
symptoms, particularly if accompanied by 


with urge incontinence 


incontinence, may reduce work produc- 
tivity and sexual activity, and limit mobility 


and social interactions. [3-6] Once a suf- 
ferer’s QOL impact is significant, he/she 
will likely request therapy. Pharmaco- 
therapy represents the mainstay of 
OAB treatment, but efficacy is 
frequently limited by undesirable 
anticholinergic side-effects including 
dry mouth, constipation, dry eyes, and 
others. Discontinuation rates are quite 
high as many may feel that “the treatment 
is worse than the disease.” Oxybutynin 
(OXY) is one of the principal anticholin- 
ergic agents used for OAB around the 
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world, with high reported efficacy rates, 
but parallel high rates of anticholinergic 
side-effects. Due to its molecular size, 
lipophilicity, and ability to be transferred 
transdermally, OXY has been identified as 
an agent particularly appropriate for trans- 
dermal (TD) delivery in order to alter its 
metabolism and reduce the occurrence of 
undesirable side-effects. This chapter will 
discuss the theory, applicability, and experi- 
ence to date with TD formulations of OXY. 


Drug pharmacology 


Oxybutynin 

Oxybutynin is a tertiary amine with well- 
known anticholinergic and antispasmodic 
properties. The mechanisms of action, 
metabolism, and pharmacokinetics of 
oxybutynin have been studied extensively. 
Despite the proven clinical efficacy of the 
original immediate-release oral formulation 
of oxybutynin, optimal clinical use of this 
agent has been limited by its propensity to 
dose-dependent anticholinergic 
adverse events, particularly dry mouth. 
More than 80% of OAB patients tak- 
ing immediate-release oxybutynin 
reported dry mouth as an adverse 
event. Orally administered oxybutynin is 
metabolized in the liver and gut by 
cytochrome P-450 (CYP-450), specifically 
CYP3A4. As a result, high plasma concen- 
trations of the pharmacologically active 
metabolite N-desethyloxybutynin (DEO) 
result, which may be up to 10 times that of 
oxybutynin. Several studies have clearly 
demonstrated that compared with 
oxybutynin, DEO has a similar or slightly 
higher affinity for muscarinic receptors in 
the Together, these 
observations suggest that DEO may be 


cause 


salivary gland. 


responsible for much of the dry 
mouth, as well as other anticholin- 
ergic side-effects that are associated 
with oxybutynin. 

Extended-release oral OXY repre- 
sented the first successful effort to 
reduce the anticholinergic side-effects 
of oxybutynin. Comparing extended- 
release with immediate-release OXY, there 
is no associated difference in efficacy, but a 
significant reduction in the incidence of 
dry mouth. Extended-release oxybutynin 
showed an improved steady-state pharma- 
cokinetic profile characterized by smaller 
fluctuations in plasma concentrations of 
DEO and OXY, with a reduced exposure to 
DEO. However, moderate to severe dry 
mouth was observed in 25% of the patients 
treated with extended-release oxybutynin. 
It is thus well accepted that DEO levels cor- 
relate with dry mouth severity, and 
reduction in first pass metabolism of OXY 
results in reduced DEO plasma levels and 
an improved side-effect profile for OXY 
administration. 


Oxybutynin Transdermal Patch 
(TD) 

Drug preparation 

Oxybutynin transdermal system is a 39-cm? 
matrix-type patch which can be applied to 
the buttocks, abdomen, or hips. [7, 8] It 
contains 36mg of racemic oxybutynin and 
triacetin (a skin permeation enhancer) and 
is dissolved in an acrylic block-copolymer 
adhesive. [9] The TD OXY system delivers 
3.9 mg/day of oxybutynin at a steady rate 
delivering continuous oxybutynin for up 
to 3-4 days, therefore a twice per week 
regimen is recommended. [7, 8] The patch 
is comprised of an occlusive backing, the 
adhesive matrix, and release liner (Figures 
10.1, 10.2). The active drug agent (OXY) is 
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Figure 10.1 The transdermal patch is small in size 
and can be applied to various sites on the body. 


dissolved within the adhesive matrix and is 
thus continuously delivered transdermally, 
with the amount being determined by var- 
ious factors including the patch surface 
area. In order to optimize drug transport, 
the patch must be appropriately applied to 
dry skin with the entire surface area firmly 
in contact with the skin surface. 


Efficacy 

The clinical efficacy of the trans- 
dermal patch in reducing the number 
of incontinent episodes has been 
demonstrated in several phase II and 
phase III studies. [10-12] In a six-week 
phase II clinical trial, 76 patients with a 
history of urge and mixed urinary inconti- 
nence were randomized to receive TD or 
oral immediate release oxybutynin. All 
patients were responders to previous oral 
immediate-release anticholinergic therapy, 
with symptomatic improvement during a 
minimum of 6 weeks of oral oxybutynin. 
After initiation of treatment, study partici- 
pants were then assessed after 2, 4, and 
6 weeks of therapy. Assessment of inconti- 
nent episodes, efficacy, and side-effect 
severity was accomplished with a three 
day diary, a visual analog scale, and an 


Figure 10.2 The patch is now available over the 
counter. 


anticholinergic index 
respectively. Urodynamic 
performed in all subjects at baseline and 
during therapy. The average number of 
incontinence episodes was reduced from 
washout to end of study by approximately 
episodes/day in both groups 
(p<0.0001) with no significant difference 
between the oral and the TD group. There 
was no difference in the visual analog score 
(p=0.9) and there was no significant 
difference in the average bladder volume 
at first bladder contraction between groups 
(TD; 664126 vs. Oral; 45+163ml). [10] 
The Oxybutynin transdermal patch has 
also demonstrated equivalent efficacy when 
compared to tolteridine extended release 
formulations. [11, 12] Quality of life has 
been studied utilizing validated question- 
naires, and has been demonstrated to be 
significantly improved with TD OXY in a 
community-based population. [13] 


questionnaire, 
testing was 


five 


Tolerability 

When compared to the oral immediate 
release formulation, the oxybutynin TD 
system achieved remarkably improved 
anticholinergic tolerability. [10] In a 12-week 
double-blind, double-dummy treatment 


94 Second Line Management 


with TD, tolteridine, and placebo the inci- 
dence of dry mouth was 4.1% with TD 
compared to 1.7% with placebo. [12] This 
is much lower than the 17-87% reported 
in previous studies of oral oxybutynin. 
The reason for improvement in anti- 
cholinergic side-effect profile is thought 
to be largely due to the avoidance of the 
first-pass effect leading to steady-state 
concentrations of oxybutynin and DEO. 

Transdermal application can cause 
a local reaction at the skin site. [9-11] 
A phase III pivotal trial revealed 16.8% of 
patients reported application site pruritus 
and 8.3% of patients reported application 
site erythema. [11] These reactions were 
self-limited and avoidable through the use 
of multiple application sites. As a follow- 
up to the above trial, an open label study 
extension was offered to patients. Prior to 
doing so patients were given a Satisfaction 
questionnaire. Approximately two-thirds 
of participants stated that they would 
prefer a TD system to others if repeat 
treatment for OAB was needed. The 
majority of patients (72%) reported that 
application site erythema and pruritus 
disappeared within a week. Many users 
(68%) described the patch as very easy to 
apply and slightly easier to remember than 
taking a pill (45 versus 33%). [14] 


Oxybutynin Topical Gel (OTG) 
Drug preparation 

The oxybutynin topical gel-based formula- 
tion was developed from efforts to mini- 
mize the local skin reactions experienced 
with the transdermal system. In this prep- 
aration the skin acts as the reservoir for 
continuous release of oxybutynin. The gel 
is clear, colorless, and fragrance free, and 
when applied to the skin dries quickly 
without leaving a residue. Typical sites for 
applications include the abdomen, arms, 


shoulders, or thighs. Each dose consists of a 
1 gram sachet, which contains oxybutynin 
100 mg (10% gel) in a small application 
volume (1.14 ml). Alternatively, a multi- 
dose delivery pump is available with three 
pumps delivering a standard 1g of OXY 
which can then be applied to the skin. 
Unlike the patch, daily application of gel is 
needed in order to achieve steady-state 
OXY levels in the circulation. The base of 
the gel is a mixture of water and alcohol. 
Other components include hydroxypropyl 
cellulose as the gelling agent, glycerin as an 
emollient, and sodium hydroxide for pH 
adjustment of the gel to mirror the physio- 
logic pH of the skin. [15] 


Efficacy 

Oxybutynin topical gel has demon- 
strated clinical efficacy in a double- 
blind, randomized, multicenter 
placebo controlled phase III study of 
OTG in patients with OAB. [16] This 
was a 12-week study of 789 patients with 
urge or mixed urinary incontinence who 
received either OTG (389) or placebo (400). 
The patients were predominantly women 
(89.2%) with greater than a third of the 
participants 65 years or older. One quarter 
of all patients had previously taken OAB 
medications. At baseline the mean number 
of daily urinary incontinence episodes was 
5.4, daily nocturia was 2.5, and mean fre- 
quency was approximately 12 for both 
groups indicating that a substantial amount 
of patients had OAB of the severe form. 
Patients using OTG demonstrated a great 
reduction in daily incontinence episodes 
(mean decrease —3.0 vs. —2.5; p<0.0001) 
and daily urinary frequency episodes 
(mean decrease -2.7 vs. 2.0; p=0.0017) 
compared with placebo (Table 10.1). A 
significant decrease in daily nocturia epi- 


sodes was observed only in patients 
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Table 10.1 Efficacy variable changes from baseline to study end. 


Variables OTG Placebo 
No. pts* 389 400 
No. daily urinary incontinence episodes 
Baseline: 
ean+SD 5.443.3 5.443.3 
edian 47 47 
p Value [least squares adjusted mean] 0.9946 
Study end: 
ean+SD 2.4413 2.9+3.3 
edian 1.0 1.7 
Change from baseline by study end: 
ean+SD -3.042.7 -2.543.1 
edian -2.7 -2.0 
p Value (least squares adjusted mean) <0.0001 
Daily urinary frequency (No. Episodes) 
Baseline: 
Mean +SD 12.443.3 12.243.3 
Median 11.7 113 
p Value (least squares adjusted mean) 0.3516 
Study end: 
Mean + SD 9.843.5 10.243.2 
Median 9.3 9.7 
Change from baseline by study end: 
Mean +SD -2.7 +3.2 -2.0+2.8 
Median -2.7 -1.7 
p Value (least squares adjusted mean) 0.0017 
Voided urinary vol (ml) 
Baseline: 
ean+SD 163.44+65.8 167.9+68.4 
edian 160.1 160.6 
p Value (least squares adjusted mean) 0.3543 
Study end: 
ean+SD 184.2 +82.9 171.8+74.8 
edian 177.9 165:3 
Change from baseline by study end: 
ean+SD 21.0+65.3 3.8+53.8 
Median 11:5 0.0 
p Value (least squares adjusted mean) 0.0018 
No. daily nocturia events 
Baseline: 
Mean +SD 2:516 2.541.7 
Median 2.3 2.3 
p Value (least squares adjusted mean) 0.9484 
Study end: 
Mean + SD 1.741.5 1.841.5 


(Continued) 
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Table 10.1 (Continued) 


Variables OTG Placebo 
Median 1,3 1.7 
Change from baseline by study end: 
Mean + SD —0.75+1.4 —0.65+1.3 
Median —0.7 —0.7 
p Value (least squares adjusted means) 0.1372 


*No significant differences were observed in end point findings between patients who 
completed the study and those who withdrew (last observation carried forward). 
Source: Staskin 2009 [16]. Reproduced with permission of Elsevier. 


younger than 65 years (mean decrease 
—0.91 vs. 0.72; p=0.363) There was also a 
significant increase in voided volume for 
those treated with OTG (placebo 3.8 MI; 
p=0.0018). At the conclusion of the study, 
28% of the patients treated with OTG and 
17% of those receiving placebo achieved 
complete continence. 

The clinical efficacy has also been dem- 
onstrated specifically by a post hoc analysis of 
the phase II study data. [17] In this study 
352 received the topical gel while 352 
received a placebo treatment. Mean age was 
59 years. Baseline demographic and urinary 
symptom values for the female subgroup 
were very similar to those for the total study 
population. After 12 weeks of treatment the 
female patients treated with OTG achieved 
greater improvements in daily urinary 
incontinence episodes (—3.0 vs. placebo, 
-2.5; p<0.0001), daily urinary frequency 
(-2.8 vs. placebo, -—2.0; p=0.0013), and 
voided volume (mean increase 22.7 ml vs. 
4.0ml; p=0.0002). At study end, 27.0% of 
women treated with OTG compared with 
15.6% of those receiving placebo had 
achieved complete continence. 


Safety 

No treatment-related adverse 
events were observed during the phase III 
study of OTG. [11] Dry mouth was the 


serious 


most commonly reported adverse event at 
6.9 vs. 2.8% (p=0.0060) (Table 10.2). This 
incidence was similar to that seen for the 
transdermal patch but substantially smaller 
than the incidences of dry mouth reported 
in comparable studies of oral oxybutynin. 
[6, 7, 15] Other treatment related anti- 
cholinergic adverse events include the 
following: constipation (1.3%), dizziness 
(1.5%), nausea (0.3%), dry eye (0.5%), 
dysuria (0.3%), and somnolence (0.3%) 
(Table 10.2). [18] 


Effects on skin 

Skin tolerability of the topical gel has 
also been demonstrated in clinical 
studies. As there is minimal absorption of 
light by the gel at wavelengths of 290- 
700nm the gel is unlikely to cause photo- 
toxic skin reactions. In addition, a study in 
albino guinea pigs further suggested that 
the topical gel does not elicit dermal 
reactions or delayed contact sensitization. 
These findings were confirmed by two 
placebo- controlled phase I dermatological 
studies in healthy subjects. In the 
cumulative skin irritation study the scale of 
Berger and Bowman was used to score 41 
subjects after being treated with three 
weeks of daily topical gel and gel placebo 
on contralateral sites of the back. [19] The 
mean scores obtained with the topical gel 
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Table 10.2 Treatment related anticholinergic AEs reported during double-blind study treatment. 


AE No. OTG (%) No Placebo (%) p Value 
o. pts 389 400 

Dry mouth 27 (6.9) 11 (2.8) 0.0060 (chi-square test) 
Constipation 5 (1.3) 4 (1.0) 0.7494 (Fisher's exact test) 
Dizziness 6 (1.5) 2 (0.5) 0.1719 (Fisher's exact test) 
Nausea 1 (0.3) 2 (0.5) 1.0000 (Fisher's exact test) 
Dry eye 2 (0.5) (0.3) 0.6194 (Fisher's exact test) 
Dysuria 1 (0.3) 1 (0.3) 1.0000 (Fisher's exact test) 
Somnolence 1 (0.3) 0 0.4930 (Fisher's exact test) 
Urinary retention 0 1 (0.3) 1.0000 (Fisher's exact test) 


Source: Staskin 2009 [16]. Reproduced with permission of Elsevier. 


and placebo were 35 and 24. Both scores 
were substantially less than 50, which is 
the lowest score considered as evidence of 
cumulative irritation. Excellent skin toler- 
ability of OTG also was observed during 
the phase II trial. [16] Application site skin 
reactions as adverse events were reported 
by 5.4% of patients who received topical 
gel and by 1% of those who received 
placebo. Eight of 389 patients (2.1%) 
treated with topical gel and 3 of 400 
patients (0.8%) receiving placebo reported 
application site pruritus as an adverse 
event. The incidence of application site 
erythema was 
treated with topical gel (1.3% per visit) 
and those who received placebo (0.9% per 
visit). At study end, inspection of applica- 
tion sites by the investigator revealed no 
erythema on 97.4 and 98.7% of patients 
receiving topical and placebo, respectively. 
Among the few patients receiving topical 
gel who had application site erythema, 
none had severe symptoms. Three patients 
(0.8%) in the topical group and one patient 
(0.3%) in the placebo group discontinued 
treatment because of application site 
reactions. [16] 


similar among patients 


Patient experience 

Impact on quality of life 

In a subgroup analysis of the phase III study, 
quality of life effects of topical gel versus 
placebo were evaluated using the five-item 
Incontinence Impact Questionnaire (IIQ) 
and the 10-item King’s Health Questionnaire 
(KHQ). [15] Topical gel demonstrated 
significant improvement in total scores and 
in all IQ domains, including travel 
(p=0.0021), physical activity (p=0.003), 
social relationships (p=0.0005), and emo- 
tional health (p<0.0001). Topical gel use 
also promoted significant HRQoL improve- 
ments in 6 of 10 King’s Health Questionnaire 
domains, including incontinence impact 
(p=0.0002), symptom severity (y=0.0003), 
role limitations (p=0.004), personal 
relationships (p=0.0161), sleep/energy 
(p=0.008), and severity (coping) measures 
(p=0.0021). [20] 


Future prospects 

Future transdermal drug delivery options 
for OXY include usage of other skin sites. 
Transvaginal delivery via a vaginal ring 
delivery system is in development and 
early data has been reported. [21] Patches 
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with reduced skin occlusive properties 
have also been evaluated and may be avail- 
able in the future. As with other pharma- 
cologic agents amenable to TD delivery, 
such as hormonal agents and antihyper- 
tensives, we can expect new technology to 
provide us with new skin-based drug 
administration options. 


Conclusion/expert opinion 


The efficacy of oxybutynin for treatment of 
OAB has been proven in many clinical 
trials. Due to the anticholinergic side-effects 
associated with oral delivery, in particular 
dry mouth, patient adherence is problem- 
atic. The development of a transdermal 
oxybutynin delivery system has improved 
the side-effect profile while maintaining 
drug efficacy. Application site reactions for 
the transdermal patch are minimal and 
short lived and are less prevalent for the gel 
formulation. This technology is seen 
more favorably by many OAB patients 
and may improve medication adher- 
ence and treatment persistence. 
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KEY POINTS 


e Due to the multifactorial pathophysiology, lower urinary tract symptoms (LUTS), including 
overactive bladder syndrome (OAB), still offer therapeutic challenges. 


e Although the efficacy of B,-adrenoceptor agonists (mirabegron), PDES inhibitors (tadalafil), and 
onabotulinum toxinA have recently been demonstrated, these drugs are not suitable for all 
patients, and new drugs with theoretically interesting profiles are being developed. 


e Among the different new targets being investigated, the most promising seem to be the purinergic 
and cannabinoid systems and the different members of the TRP channel family. 


Introduction 


The overactive bladder (OAB), defined 
symptomatically as OAB syndrome (OAB) 
or urodynamically as detrusor overactivity 
(DO), is a condition that can have major 
effects on quality of life and social func- 
tioning. Antimuscarinic drugs are still 
first-line pharmacological treatment. These 
drugs often have good initial response 
rates, but adverse effects and decreasing 
efficacy cause long-term compliance prob- 
lems and alternatives are needed. The 
recognition of the functional contribution 
of the urothelium, the spontaneous myo- 
cyte activity during bladder filling, and the 


diversity of nerve transmitters involved in 
bladder activation has sparked interest in 
both peripheral and central modulation of 
OAB/DO pathophysiology. Three drugs, 
mirabegron, tadalafil, and onabotulinum 
toxinA have recently been approved for 
treatment of OAB/DO; however, other 
drugs with theoretically interesting profiles 
are being investigated (Table 11.1). For 
example, NGF and other neurotrophins 
have been suggested to be interesting 
targets for treatment and biomarkers for 
diagnosis and evaluation of treatment out- 
comes. [1-3] However, the adverse effects 
found in non-bladder studies with the 
humanized NGF antibody tested clinically 
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Table 11.1 Future drugs and targets 


e Purinergic receptors — Antagonists 

e Cannabinoid 

system — Agonists — Antagonists - Inhibitors 
TRP channels - Antagonists 

Prostanoid receptors — Antagonists 

¢ Nerve growth factor — Inhibitor 

e Rho-kinase - Inhibitors 

Vitamin D, receptor - Agonists 

e K+ channels - K+ channel openers 

Centrally acting drugs 


(tanezumab) stopped further development. 
Prostanoids are synthesized in the bladder 
wall (COX I and II), and PGE2, which stim- 
ulates bladder contractile activity by sensi- 
tization of afferent nerves, is increased in 
urine from patients with lower urinary tract 
symptoms (LUTS)/OAB. PGE2 acts via dif- 
ferent EP receptors. [4] Despite promising 
results in animal experiments, it seems that 
EP1-receptor antagonism is not an effective 
therapeutic approach. The efficacy and 
safety of an EP-1 receptor antagonist was 
examined in a randomized, double-blind, 
placebo-controlled phase H study which 
concluded that the role of EP1 receptor anta- 
gonist in the management of OAB syndrome 
is minimal. A theoretically interesting prin- 
ciple is Rho-kinase inhibition. [5] Upregula- 
tion of the Rho-kinase pathway has been 
associated with bladder changes in diabetes, 
outflow obstruction, and idiopathic DO. The 
vitamin D3 agonist, elocalcitol, was shown 
to have an inhibitory effect on the RhoA/ 
Rho kinase pathway, [6, 7] and showed 
some promising effects in female patients 
with OAB. However, whether or not vitamin 
D3 receptor agonism (monotherapy or in 
combination) will be a useful alternative for 
the treatment of LUTS/OAB, requires further 
RCTs. The opening of bladder K+ channels 
has shown great promise in preclinical 


experiments. [8] Many of the K-channel 
openers have been studied clinically — all so 
far with disappointing results. Maxi-K 
therapy (injection of “naked” Maxi-K DNA 
directly into detrusor) is an interesting 
future possibility. [9] Several proof of prin- 
ciple studies on drugs with an action on the 
CNS have been performed. [10] However, 
it seems that the currently used drugs have 
low efficacy and/or unacceptable side-effects. 
On the other hand, here may be a great 
potential for further developments. 

Presently, the most promising targets 
seem to be the purinergic and cannabinoid 
systems and different members of the TRP 
channel family. P2X receptors are considered 
important in OAB pathophysiology, and 
P2X3 receptor antagonists have a good 
preclinical rationale. [11, 12] Clinical obser- 
vations have indicated that cannabinoid 
receptor agonists offer a promising therapeutic 
approach, but interference with endogenous 
cannabinoid generation may offer additional 
possibilities. [13, 14] Studies of the lower 
urinary tract (LUT) have indicated that sev- 
eral TRP channels, including TRPV1, TRPV2, 
TRPV4, TRPM8, and TRPA1, are expressed in 
the bladder and urethra, and may act as 
sensors of stretch and/or chemical irritation. 
[15] However, the roles of these individual 
receptors for normal LUT function and in 
LUTS/OAB have not been established. 

This chapter is focused on the puriner- 
gic and cannabinoid systems and some of 
the members of the TRP channel family. 


P2X,-receptors and P2X, 
receptor antagonists 


P2X receptors are ligand-gated ion chan- 
nels. Seven P2X receptor subunits for 
these ionotropic ATP receptors have been 
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identified from molecular studies and 
characterized functionally and pharmaco- 
logically. [11, 16, 17] 

Sensory nerve fibers expressing P2X, 
immunoreactivity have been found pro- 
jecting into the lamina propria, urothelium, 
and detrusor smooth muscle, [11] where 
this and several other P2X receptors are 
functionally expressed. [11, 18] These find- 
ings suggest that P2X, receptors have a role 
in regulating bladder sensory functions. 
Numerous studies have shown that ATP is 
released from the bladder urothelium in 
response to distension [19-21] and studies 
using an isolated bladder-pelvic nerve 
preparation in rodents have shown that 
distension leads to increased afferent nerve 
activity that is mimicked by ATP and/or 
a,B-meATP. [22, 20, 23] Intravesical infu- 
sion of ATP or a,B-meATP can directly 
stimulate bladder overactivity in conscious 
rats, in a manner that is concentration- 
dependent and sensitive to the ATP receptor 
antagonist TNP-ATP. 

In bladder urothelial cells from patients 
with bladder pain syndrome/interstitial 
cystis (BPS/IC), P2X, receptor expression 
appears to be abnormally u-regulated in 
response to stretch. [24, 25] An increased 
density of P2X, and TRPV1-expressing 
nerve fibers has been observed in the blad- 
ders of patients with neurogenic detrusor 
overactivity, and following treatment with 
resiniferatoxin patients responding to 
treatment showed diminished levels of both 
TRPV1 and P2X, immunoreactivity. [26] 

A mechanosensory transduction path- 
way within the micturition reflex involving 
ATP has been suggested. ATP released from 
the urothelium activates P2X, and/or 
P2X,,, receptors on suburothelial primary 
afferents. ATP and a,B-meATP have been 
shown to not only activate low- and high- 


threshold bladder afferents directly, but also 
to sensitize their mechanosensory responses. 
[20, 23] Bladder inflammation can also 
and enhance P2X receptor 
function on pelvic visceral and hypogastric 
splanchnic afferents in the lumbosacral 
and thoracolumbar DRG. [27] Thus, P2X, 
and P2X,,, receptors may be important in 
sensing volume changes during normal 
bladder filling, and may participate in low- 
ering the threshold for C-fiber activation 
under pathophysiological conditions. 

P2X receptors, and in particular P2X, 
receptors, have been of interest for treat- 
ment of LUT disorders for a long time. 
[11, 12, 28, 29]: Selective P2X, antagonists, 
such as A-317491, were shown to effec- 
tively improve the signs of cyclophospha- 
mide-induced cystitis, [30] and to improve 
bladder function in a rat spinal cord injury 
(SCI) model [31]; A-317491 produced a 
dose-dependent inhibition of non-micturi- 
tion bladder contractions, increased inter- 
micturition intervals and bladder capacity 
without influencing the amplitude of void- 
ing contractions. The diaminopyrimidine, 
AF-353[32] was studied in SCI rats with 
neurogenic bladder overactivity. [33] SCI 
rats had significantly higher frequencies 
for field potentials and non-voiding con- 
tractions than normal rats. Intravesical 
ATP increased field potential frequency in 
control, but not SCI, rats while systemic 
AF-353 significantly reduced this param- 
eter in both groups. AF-353 also reduced 
the inter-contractile interval in control, 
but not in SCI rats; however, the frequency 
of non-voiding contractions in SCI rats was 
significantly reduced. AF-353 was also 
studied in a closed cystometric model 
(“refill VIBC”) in a urethane anesthetized 
rat with a dose-dependent increase in 
volume threshold by up to 50-70%, with 
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frequency slightly reduced, but no appre- 
ciable change in amplitude. [11] As AF-353 
penetrates the blood-brain barrier, [32] it 
was not clear whether these effects resulted 
from P2X, antagonism at peripheral ter- 
minals within the bladder wall, or alter- 
natively at central terminals in the spinal 
cord dorsal horn. It has been suggested that 
ATP can be released and act on spinal P2X, 
and P2X,,, receptors to affect afferent signals 
originating from the bladder. [29] Spinal 
ATP may then constitute an endogenous 
central presynaptic purinergic mechanism 
to regulate visceral sensory transmission. 
Further characterization of this spinal puri- 
nergic control in visceral activities may 
help the development of P2X, and P2X,,, 
antagonist to treat urological dysfunction, 
such as overactive bladder. [29] 


The cannabinoid system 


The endocannabinoid system comprises 
the cannabinoid (CB) receptors, their endo- 
genous ligands, and related enzymes for 
biosynthesis and degradation. [34]. Plant- 
derived cannabinoids (phytocannabinoids) 
can be extracted from the cannabis plant 
(marijuana), the main psychoactive com- 
pounds being A9-tetrahydrocannabinol 
(A9-THC), cannabidiol, and cannabinol. 
Based on the effects of these compounds, 
two G-protein coupled cannabinoid (CB) 
receptors type 1 (CB1) and type 2 (CB2) 
have been defined. A third receptor, the 
G-protein coupled receptor 55 (GPR55) has 
been described, but what pharmacological 
effect it mediates is incompletely known. 
These receptors can interact with endocan- 
nabinoids and “exocannabinoids,” such as 
phytocannabinoids and synthetic cannabi- 
noids, and some associated endogenous 


fatty acid amides (FAA). The endocannabi- 
noid system contains at least two major 
arachidonate-derived ligands, anandamide 
and 2-arachidonoylglycerol (2-AG), that 
mediate their effects by binding to CB] and 
CB2 receptors. [34-36] 

In the nervous system, anandamide and 
2-arachidonoylglycerol are primarily meta- 
bolized by the serine hydrolase enzymes 
fatty acid amide hydrolase (FAAH) and 
monoacylglycerol lipase (MAGL), respec- 
tively. [37] Preventing their degradation with 
inhibitors of these enzymes can enhance 
their endogenous actions. Anandamide and 
several exogenous CB receptor agonists are 
known to also act at other receptors such as 
the vanilloid TRPV1 channel. [38] Most 
cannabinoids have the capacity to pass the 
blood-brain barrier. 


Distribution of cannabinoid 
receptors 

Both CB1 and CB2 receptors are expressed 
in the LUT, and cannabinoid-related 
functions have been amply demonstrated 
in isolated tissues and in experimental 
in vivo models of normal micturition and 
bladder dysfunction. [39-46] In the rat 
bladder, both CB1 and CB2 receptors have 
been demonstrated, particularly on the 
urothelium. [39] Also in human whole 
bladders obtained from male organ donors, 
both CB1 and CB2 receptor were found to 
be expressed — twice as much in the uro- 
thelium as in the detrusor. Overall the 
expression of CB] was higher than that of 
CB2 receptors. [44] Bladders of humans 
and rats were found to express CB1 recep- 
tors, TRPV1 channels, and FAAH. [47] CB2 
receptors were expressed in higher densities 
in rat, monkey, and human bladder mucosa 
(urothelium and surburothelium) than in 
the detrusor, and were also colocalized 
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with TRPV1 and CGRP. [40] In the detrusor 
wall, CB2 
identified on cholinergic nerves. [41] CB1 
immunoreactive fiber density was signifi- 
cantly increased in the suburothelium of 
bladder specimen from patients with pain- 
ful bladder syndrome and idiopathic detru- 
sor overactivity (IDO). In patients with IDO, 
the density correlated with their symptom 
scores, as compared to control. [46] 

CB1 and CB2 receptors were identified 
in the spinal cord and dorsal root ganglia 
of rats. [43, 48-51], At the spinal level, 
several studies have located CB receptors 
in areas involved in modulation of afferent 
activity. [49] Both CB1 and CB2 receptor 
mRNA and protein were detected in the 
lumbosacral spinal cord and in L5-L6/S1 
dorsal root ganglia (DRG). Interestingly, 
the expression in the DRG or spinal cord 
was not affected by acute or chronic 
inflammation of the bladder. [43] 

Supraspinally, high densities of CB1 
receptors were found in the cingulate 
gyrus and the medial frontal cortex, in 
moderate densities in the periaqueductal 
gray matter, thalamus, and insula, and in 
low densities in the pons. [52] A high 
density of CB2 receptors was found in the 
thalamus and a moderate density in the 
periaqueductal gray matter and pons. [52] 
Unforunately, the functional role of both 
spinal and supraspinal CB receptors in the 
control of micturition is incompletely 


immunoreactive fibers were 


known. 


Cannabinoids in micturition 

There are many studies both in isolated 
bladder tissue and in vivo showing that can- 
nabinoids can affect bladder function. In 
general, these studies have shown a lack of 
direct effect of cannabinoid receptor ago- 
nists on bladder contractility, but results 


are not always consistent, partly due to 
species differences and experimental 
techniques. The actions of the endocan- 
nabinoid — anandamide — is complicated 
since it is known to also activate TRPV1 
receptors, potentially via the release of 
CGRP. [53] Thus in rat detrusor muscle 
strips, anandamide application produced 
slowly developing contractions which were 
attenuated by previous capsaicin sensiti- 
zation, suggesting involvement of TRPV1 
receptors. [54]. Neither anandamide nor 
CP55,940 (CBI and CB2 receptor agonist) 
affected carbachol induced contractions in 
rat, monkey, or human bladder prepara- 
tions; however, anandamide increased 
EFS induced contractions while CP55,940 
decreased them at all frequencies. [40] 
ACEA, a selective CBl receptor agonist, 
attenuated the EFS and carbachol-induced 
contractions of rat bladder, whereas GP1A, 
a selective CB2 receptor agonist, only 
decreased carbachol-induced contractions 
in rat bladder. [47] 

The effect N-acylethanolamides, anan- 
damide (via CB1 receptors) and palmi- 
toylethanolamide (putative endogenous 
CB2 receptor agonist), caused analgesia in 
models of bladder overactivity induced 
by inflammation. [55, 56] Intraperitoneal 
administration of GPIA decreased the 
mechanical sensitivity in a mouse model 
of acrolein induced cystitis, possibly by 
preventing phosphorylation of ERK1/2 via 
MAPK activation. [57] Treatment with 
another selective CB2 receptor agonist 
(O-1966) following spinal cord injury 
improved bladder recovery in rats by 
modifying the inflammatory response. [58] 
CB2 receptor agonism appears to decrease 
viscera-visceral pain caused by bladder 
inflammation, possibly by modulating 
afferent signaling in the spinal cord and 
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promoting an anti-inflammatory effect. 
CB2 receptor activation has immuno- 
modulatory functions that can limit the 
endothelial inflammatory response, chemo- 
taxis, and inflammatory cell adhesion and 
activation in atherosclerosis and reperfusion 
injury. [59] 

Cannabinor, a highly selective CB2 
agonist, increased micturition 
and threshold pressures during conscious 
cystometry. [41] Chronic administration of 
this compound over two weeks following 
partial urethral obstruction in rats decreased 
post void residual and the number of non- 
voiding contractions and increased bladder 
compliance as compared to controls. [42] 

Overall, exocannabinoid agonists seem 
to have an inhibitory effect on micturition, 
by increasing threshold pressure and 
decreasing frequency, possibly through 
inhibition of afferent signaling. 

In 2012, Stritmatter et al. [60] demon- 
strated that FAAH is expressed in the bladder 
of rats, mice, and humans. They also dem- 
onstrated that systemic or intravesical 
administration of a FAAH inhibitor, oleoyl 
ethyl amide, during awake cystometry sig- 
nificantly increased intercontraction inter- 
vals, micturition volume, bladder capacity, 
and threshold pressure in rats. These effects 
were abolished with the concomitant use 
of SR144528, a CB2 receptor antagonist, 
showing that FAAH inhibition mediated its 
effect on micturition via CB2 receptors. 


intervals 


Clinical trials 

Early reports showing that patients with 
multiple sclerosis (MS) could have a 
positive on their urinary tract symptoms 
[61] were followed by a small number of 
open-label and placebo-controlled studies 
demonstrating that orally administered 


cannabinoid modulators may alleviate 


neurogenic OAB symptoms. [62-64] The 
effects of whole plant cannabis extracts 
(containing delta-9- tetrahydrocannabinol 
and/or cannabidiol) have been mostly 
studied in patients with advanced MS and 
severe LUTS, and a significant decrease in 
urinary urgency, the number and volume 
of incontinence episodes, frequency, and 
nocturia has been demonstrated. [62-64] 
However, this symptomatic improvement 
was not well reflected urodynamically. 
[63, 64] 

Side-effects from cannabinoids, such 
as dizziness, light-headedness, attention 
deficit, fatigue, and disorientation, have been 
reported [62, 64, 65] and are an obvious 
disadvantage with exocannabinoid therapy. 
Efforts to avoid the CNS-related side- 
effects of the cannabinoids have led to the 
development of alternative drug approaches 
with peripheral CB subtype receptor- 
selective compounds, or drugs that target 
the turnover of endocannabinoids or FAA. 
Amplification of endocannabinoid activity 
by FAAH inhibitors may be a novel, attrac- 
tive drug principle that has therapeutic 
potential in specific regions of the lower 
urinary tract or in sensory regulatory path- 
ways of micturition that are involved in 
the development of LUTS. 


TRP channels 


Studies of the LUT have shown that several 
TRP channels — including TRPV1, TRPV2, 
TRPV4, TRPM8, and TRPA1 — are expressed 
in both the bladder and the urethra and 
may act as sensors of stretch and/or 
chemical irritation. [66-68] However, the 
roles of these individual receptors for 
normal LUT function and in LUTS/DO/ 
OAB have not been definitely established. 
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They are highly expressed in, but not 
restricted to, primary afferent neurons. 
Thus the urothelium, some interstitial 
cells, and detrusor muscle also express 
several TRP channels. [66-68] 


TRPV1 and bladder function 

TRPV1 is the best-characterized member of 
the TRPV subfamily TRPV1-6 in terms of 
expression pattern, properties, and clinical 
translation of its manipulation. [69] It is a 
non-selective cationic channel with high 
Ca2+ permeability allowing the passage of 
cations, mainly calcium, upon activation by 
vanilloids, noxious heat, and low pH. [70] 
Despite extensive information on morpho- 
logy and function in animal models, the 
role of TRPV1 in normal human bladder 
function is still controversial. However, its 
role in the pathophysiology and treatment 
of particularly neurogenic DO (NDO) is 
well established. 

In single-unit bladder nerve recordings, 
low-threshold neuronal responses were 
attenuated in TRPV1 knockout mice 
compared with their TRPV1 littermates, 
whereas high-threshold sensitivity was 
unchanged. [71] This suggested that the 
neuronal TRPV1 channels in the suburo- 
thelium were needed for normal excit- 
ability of low-threshold bladder fibers. 
TRPV1 knock out mice showed enhanced 
intermicturition spotting, whereas normal 
micturitions seemed to be unaffected. [66] 
This was reflected in the cystometrograms 
by an increase in the frequency of non- 
voiding contractions and a regular pattern 
of voluntary voiding contractions. Urethane 
anesthetized TRPV1 knock out mice dis- 
played increases in mean bladder capacity 
and reductions in spinal cord c-fos induction 
in response to bladder distension. [72] In 
conscious mice, the micturition frequency 


was unaffected in these knock outs, sug- 
gesting that TRPV1-mediated mechanisms 
are responsible for setting the micturi- 
tion threshold under anesthesia, whereas 
non-TRPV1-mediated mechanisms set the 
threshold in voluntary conditions. 

The clinical application of TRPV1 
agonists has been extensively reviewed 
elsewhere. [66, 73-75] Maggi et al. [76], 
instilling capsaicin intravesically to patients 
with bladder hypersensitivity disorders, 
found the drug to produce a concentration- 
related reduction of the first desire to void, 
bladder capacity, and pressure threshold 
for micturition, suggesting the occurrence 
of capsaicin-sensitive structures in the 
human bladder. The neuronal TRPV1 
channel was suggested to have pathophys- 
iological roles, contributing to overactive 
bladder and pain. [77] Patients with NDO 
were found to have an increased immu- 
noreactivity of PGP9.5 (nerve stain) and 
TRPV1 
increased TRPVI reactivity in the basal 
layers of the urothelium compared to con- 
trol patients. In addition, patients with 
NDO clinically responding to intravesical 
instillations of RTX showed a significant 
decrease of this TRPV1 immunoreactivity 
in both the suburothelium and the basal 
urothelial layers compared to non- 
responders, suggesting a role for TRPV1 in 
the pathophysiology of NDO. [78-80] The 
effects of vanilloids (capsaicin, RTX) on 
urothelial TRPV1 indicate that vanilloid 
actions are more complex than simple C- 
fiber desensitization. The exact effect of 


in the suburothelium and an 


capsaicin or its analogs on the different 
TRPV1 positive structures (urothelium, 
afferent nerve fibers, interstitial cells) still 
needs further elucidation. 

Patients with OAB symptoms without 
demonstrable DO, but an early first sensation 


Promising experimental drugs and drug targets 


107 


during bladder filling due to sensory dis- 
comfort (sensory urgency), showed an 
increased TRPV1] mRNA expression in the 
trigonal mucosa. In these patients, TRPV1 
expression levels in the trigone were 
inversely correlated to the volume at first 
sensation during bladder filling. In patients 
with IDO, on the other hand, there were 
no changes in TRPV1 expression levels, 
suggesting a distinct molecular basis between 
sensory urgency and IDO. [81] 

The primary defect in DO may be found 
in the urethra. [82]. In females, it has been 
reported that a rapid pattern of urethral 
pressure variation (“unstable urethra”) 
is closely associated with DO. [83-85] 
The presence of TRPV1-IR nerves in the 
urethra, and the effects of capsaicin on 
both urethral and striated muscles [66], 
raise the question whether this channel is 
involved in urethral functions that can be 
linked to DO/OAB. 


TRPV2 channels and bladder 
function 

TRPV2 is a nonselective cation channel 
with high Ca2+ permeability; it acts as a 
heat sensor with a temperature threshold 
of 50-52 °C, and is activated by agonists 
such as 2-aminoethoxydiphenyl borate 
and D9-tetrahydrocannabinol (THC). [86] 
In vascular smooth muscle cells TRPV2 is 
stretch-activated channel and can increase 
stretch-induced [Ca2+]i. [87] 

In rat urinary bladders, TRPV2 mRNA 
is expressed in urothelial and smooth 
muscle cells, [72] and the channel is also 
functionally expressed in mouse urothelial 
cells. [88] Ost et al. [89] found immunos- 
taining for TRPV2 in small nerve fibers, 
suburothelial cells and smooth muscle cells 
in the human bladder, but the specificity of 
the antibodies was uncertain. [66] In the 


human bladder, Caprodossi et al. [90] 
found TRPV2 expression in normal human 
urothelial cells and bladder tissue specimens. 
The TRPV2 channel is also highly expressed 
in sensory DRG neurons. Even if TRPV2 
channels are expressed in different parts of 
the bladder, its functional significance is 
still unclear. It has been suggested that 
TRPV2 has a role as a sensor of urothelium 
stretch and a pivotal role in bladder cancer 
development. [68] 


TRPV4 and bladder function 

TRPV4 is a Ca?*-permeable stretch-activated 
cation channel, which is expressed in rat 
and mouse urothelial and detrusor muscle 
cells. The activation of TRPV4 induces 
significant increases in [Ca2+], in rat uro- 
thelial cells, leading to ATP release. TRPV4 
has been suggested to be an important uro- 
thelial mechanosensor for bladder disten- 
[68, 91] TRPV4 knock out mice 
showed an altered micturition pattern, 
having significantly more intermicturition 
spotting, whereas micturitions seemed to 
be normal. Continuous cystometrograms 
revealed an increase of the intermicturi- 
tion intervals and an increased number of 
non-micturition contractions. [92] The 
amplitude of the spontaneous contractions 
in bladder strips from TRPV4 knock out 
mice was significantly reduced, and there 
was a decreased intravesical stretch-evoked 
ATP release in isolated whole bladders 
from these animals. Gevaert et al. [92] 
raised the possibility that TRPV4 plays a 
critical role in  urothelium-mediated 
transduction of intravesical mechanical 
pressure. This suggestion was supported by 
the results of Mochizuki et al. [93] 
observing functional expression of TRPV4 
in urothelial cells using a selective agonist, 
4a-PDD, in Ca2+-imaging experiments. In 


sion. 
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in vitro mechanical stretch stimulation of 
urothelial cells activated TRPV4, leading 
to increased [Ca2+]i and ATP release. 
Mochizuki et al. [93] suggested that the 
TRPV4 channel participates in the mecha- 
nosensory pathway in the urinary bladder 
and that mechanical stimulus-dependent 
activation of TRPV4 in urothelial cell layers 
is a key event for ATP signaling in the 
micturition reflex pathway. 

As mentioned, TRPV4 receptors seem 
to be located to detrusor muscle. Thus, 
TRPV4 activation with a potent TRPV4 
activator GSK1016790A contracted normal 
mouse bladders in vitro, both in the 
presence and absence of the urothelium; 
this effect was undetected in bladders from 
TRPV4 knock out mice. [94] Direct infu- 
sion of GSK1016790A into the bladders of 
normal mice induced DO with no effect in 
TRPV4 knock out mice. In another study, 
the amplitude of the spontaneous contrac- 
tions in bladder strips from TRPV4 knock 
out mice was significantly reduced. [92] 

In vivo, the TRPV4 channels in the uro- 
thelium and in the bladder smooth muscle 
could cooperatively play important roles in 
urinary bladder function that include not 
only the urothelium-mediated transduction 
of intravesical mechanical pressure, but also 
an ability to contract the bladder. As pointed 
out by Everaerts et al. [66], another possible 
role for TRPV4 might be the detection of 
urine flow in the urethra, thereby activating 
the urethra-to-bladder reflex, promoting 
bladder emptying. [95, 96] Once micturition 
is started, bladder emptying is facilitated 
by contraction of the detrusor. The mecha- 
nisms responsible for these detrusor con- 
tractions are still poorly understood, but 
bladder-to-bladder and urethra-to-bladder 
reflexes seem to play an important role. In 
the awake ewe, urethra-to-bladder reflexes 


are stimulated by urethral infusion saline at 
body temperature, but not at temperatures 
below the physiological rate. [96] As TRPV4 
is activated by shear stress at body tempera- 
ture, it is a candidate for mediating the 
urethra-to-bladder reflex. 

Even if, as Mochizuki et al. [93] sug- 
gest, the TRPV4 channel participates in the 
mechanosensory pathway by 
dependent activation of TRPV4 channels in 
urothelial cell layers with consequent 
release of ATP, this may not be the only 
way to initiate the micturition reflex via 
stimulation of TRPV4 channels. TRPV4 
proteins were found to be located in mouse 
sensory neurons, [97] and this is in good 
agreement with the RT-PCR and in situ 
hybridization data of Yamada et al. [98] 
These findings suggest that the TRPV4 
channels may be expressed on the bladder 
sensory terminals themselves and that the 
channels may be mechanically gated by 
bladder distension without any release of 
chemical mediators from the urothelium. 


stimulus 


TRPA1 and bladder function 

TRPAI is the only mammalian member of 
the Ankyrin TRP subfamily. It is known to 
be present on capsaicin-sensitive primary 
sensory neurons and can be activated by 
plant-derived irritants such as allyliso- 
thiocyanate (AI), ctnnamonaldehyde (CA), 
[99-101] hydrogen sulfide (H,S), [102] 
menthol, [103] and formalin. [104] Streng 
et al. [102] investigated the effects of H,S 
and known TRPA1 activators on micturition 
in conscious rats. Cystometric investiga- 
tions were performed in conscious animals 
subjected to intravesical administration of 
sodium hydrogen sulfide (NaHS, donor of 
H.S), AI, and CA. Fluorometric calcium 
imaging was used to study the effect of NaHS 
on human and mouse TRPA1 expressed in 
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CHO cells. Al increased micturition frequency 
and reduced voiding volume. CA and NaHS 
produced similar changes in urodynamic 
parameters after disruption of the urothe- 
lial barrier with protamine sulfate. NaHS 
also induced calcium responses in TRPA1- 
expressing CHO cells, but not in untrans- 
fected cells. The finding that intravesical 
TRPA1 activators initiate detrusor overac- 
tivity indicates that TRPAl may have a 
role in sensory transduction in this organ. 
The study also highlights H,S as a TRPAI 
activator potentially involved in inflam- 
matory bladder disease. 

TRPAI-agonists had no contractile 
effect in human urethral preparations. 
[40] However, after precontraction with 
phenylephrine, AI, CA, and NaHS caused 
concentration-dependent relaxations of 
urethral strip preparations. These relaxa- 
tions seemed to work in cooperation with 
TRPV1 mediated signals, were negatively 
coupled via cannabinoid receptor activa- 
tion, and involved cyclooxygenase prod- 
ucts. [105] Even if urothelial TRPA1 signals 
are not important in regulating normal 
human urethral smooth muscle tone, 
[105] this does not exclude a role in the 
initiation of afferent activity normally and 
in disease states. Since the bladder and 
urethra work in concert, it is likely that 
urethral effects mediated via TRPA1 chan- 
nels can influence bladder activity. It may 
also be speculated that TRPAI1 together 
with TRPV4 channels may be involved in 
the urethra-to-bladder reflex. 


TRPM8 and bladder function 

TRPMS8 is a cool receptor expressed in the 
urothelium and suburothelial 
fibers. It may be implicated in the bladder 
cooling reflex (BCR) and in patients with 
idiopathic DO. [15, 68] The positive corre- 


sensory 


lation between the density of TRPM8 in 
the bladder mucosa and voiding frequency 
in IDO, and also increased TRPM8 expres- 
sion in bladder pain patients, led to the 
suggestion that this channel was involved 
in the symptomatology and pathophysi- 
ology of these disorders. [106] Mukerji et al. 
[107] also studied the BCR in patients with 
IDO and NDO. In both conditions a BCR 
could be elicited (IDO 6/22: 27%; NDO 4/4: 
100%). The authors suggested that the BCR 
in DO reflects loss of central inhibition, 
which is necessary to elicit this reflex. 

The BCR was studied in guinea pigs 
before and after pretreatment with men- 
thol. [108] It was found that the BCR is 
observed if the animals were pretreated 
with menthol. Since the reflex was sensitive 
to capsaicin treatment, it was speculated 
that it was mediated by C-fibres via TRPM 
receptors. Nomoto et al. [109] evaluated the 
effect of intravesical menthol in conscious 
rats. They found a facilitation of the mictu- 
rition reflex, which was not affected by 
capsaicin pretreatment. It was suggested 
that menthol could act on capsaicin-resistant 
afferents, hypothetically via TPRM8 recep- 
tors in the urothelium and on suburothelial 
nerve endings. 

However, Du et al. [110] questioned 
the role of urothelial TRPM8 in human 
bladder sensory function, finding extremely 
low expression of TRPM8 mRNA in the 
bladder mucosa compared to its expression 
in the prostate. Furthermore, they found 
that BPH or BOO did not significantly 
affect the expression of TRPM8, and they 
suggested that TRPM8 may play an 
essential role in survival and proliferation 
of prostate epithelial cells, as suggested by 
Zhang and Barritt. [111] 

Lashinger et al. [112] evaluated a 
selective TRPM8 channel blocker, AMTB, 
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and used it as a tool to assess the effects 
of this class of ion channel blocker on 
volume-induced bladder contraction and 
nociceptive reflex responses to noxious 
bladder distension in the rat. In the anes- 
thetized rat, intravenous administration of 
AMTB decreased the frequency of volume- 
induced bladder contractions, 
reducing the amplitude of contraction. The 
nociceptive response was measured by 
analyzing both visceromotor reflex (VMR) 
and cardiovascular (pressor) responses to 
urinary bladder distension (UBD) under 
1% isoflurane. AMTB significantly attenu- 
ated reflex responses to noxious UBD. The 
authors suggest that their results demon- 
strate that TRPM8 channel blocker can act 
on the bladder afferent pathway to atten- 
uate the bladder micturition reflex and 
nociceptive reflex responses in the rat, and 
they suggested that targeting the TRPM8 
channel may provide a new therapeutic 
opportunity for DO/OAB and painful 
bladder syndromes. 

A sudden drop in environmental tem- 
perature may change micturition patterns 
in conscious rats, and these changes are 
mediated, at least in part, through a RTX- 
sensitive (C-fiber) nervous pathways. [113] 
Interestingly, when menthol was applied 
to the skin from the leg and back in con- 
scious rats, DO was induced. [114] TRPM8 
was expressed in the skin, and it was spec- 
ulated that menthol — via stimulation of 
these receptors — was able to initiate that 
activity. 


without 


TRP channel antagonists 

Development of TRP antagonists may be 
useful for a number of conditions. Some 
such antagonists have been tested pre- 
clinically on normal LUT function and in 
models of disease, but information on 


effects on the LUT in humans is scarce 
or lacking. 


TRPV1 
The first molecule to be used as a compe- 
titive TRPV1 antagonist was capsazepine, 
but its low potency and lack of specificity 
in high concentrations led to the develop- 
ment of several new TRPV1 antagonists. 
[115, 116] A potent TRPV1 antagonist, 
GRC 6211, decreased bladder overactivity 
in a dose-dependent manner. [117] when 
tested in two models of bladder inflamma- 
tion, either acute, induced by acetic acid, 
or prolonged, induced by LPS. [117] The 
application of the same antagonist was also 
found to be effective in the reduction of 
detrusor overactivity in chronic spinalized 
rats. [118] In low doses, GRC 6211 had no 
effect on bladder reflex activity of normal 
rats and WT mice. [117] However, in high 
doses, it transiently blocked bladder con- 
tractions. This effect was specifically medi- 
ated by TRPV1, as the same dose did not 
produce any effect on TRPV1 KO mice. 
One serious side-effect of TRPV1 antag- 
onists is hyperthermia following systemic 
administration, which is well described in 
both animals and humans. [116] However, 
it has been suggested that that TRPV1 antag- 
onists with a classic polymodal inhibition 
profile can be identified where the anal- 
gesic action is separated from the effects on 
body temperature. [119] 


TRPV4 

Several experimental novel TRPV4 antag- 
onists have been described, [120] and it 
has been suggested that these compounds 
will likely shed some light on the potential 
of TRPV4 inhibition for the treatment of 
inflammatory and neuropathic pain, bladder 
and urinary tract disorders. In normal mice 
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and rats with cystitis, HC-067047, a potent 
and selective TRPV4 antagonist, increased 
functional bladder capacity and reduced 
micturition frequency in normal mice and 
rats with cystitis. Experiences in humans 
do not seem to be available. 


TRPM8 

As mentioned previously, AMTB, a selec- 
tiveTRPM8 channel blocker, was shown to 
act on the bladder afferent pathway to 
attenuate the bladder micturition reflex 
and nociceptive reflex responses in the 
rat. [112] Targeting the TRPM8 channel 
has been suggested as providing a new 
therapeutic opportunity for OAB and BPS/ 
IC, but clinical experiences have not been 
published. 


OAB and TRP channels 
Available information suggests that some 
members of the TRP superfamily may be 
involved in both normal bladder function 
and dysfunction, including DO/OAB. 
However, the information for some of the 
members is fragmentary and cannot be 
adequately assessed. Importantly, there 
may be significant differences between 
species, meaning it is questionable to make 
extrapolations from animal to human data. 
The role of TRPV1 channel in the path- 
ophysiology of different types of bladder 
dysfunction such as NDO and IDO is well 
documented. However, its role in normal 
bladder function still remains to be esta- 
blished. Since a majority of IDO patients 
also have OAB symptoms, it would be 
expected that drugs like capsaicin and RTX 
may be effective in the treatment of the 
OAB syndrome. However such studies do 
not seem to have been performed. It would 
be interesting to find out whether or not 
some of the selective, small molecule 


TRVPV1 channel antagonists [115-117] 
would be of benefit for OAB patients. 

The distribution of TRPV4 channels in 
the bladder, and the involvement of these 
channels in preclinical effects of bladder 
(and urethral) function, seem to make 
them candidate targets for drugs aimed at 
treatment of DO/OAB. This may be the 
case also for TRPAI1 channels. However, 
based on available information, it is not 
possible to assess the pathophysiological 
links between TRPV4 and TRPA1 channels 
and DO/OAB, nor to make predictions on 
the importance of these channels as targets 
for future drugs. The channels are not 
limited to the LUT, and systemic effects of 
future drugs acting on these channels have 
to be considered. 

The studies by Stein et al. [121] and 
Mukerji et al. [106, 107] initiated an 
interest in TRPM8 channels not only for 
the pathophysiology of the BCR, but also 
for the potential of these channels as 
targets for future DO/OAB drugs. The 
correlation between the density of TRPM8 
channels in the bladders of IDO and 
voiding frequency was very suggestive. 
However, the findings of Du et al. [110] 
that the channel was mainly localized to 
the prostate, cast some doubts on a direct 
relation between the TRPM8 channels in 
the bladder and IDO with associated OAB 
symptoms. Even if there may be gender 
differences in the channel distribution, the 
differences in results indicate that possible 
relations may be complicated. In this 
context, the data of Lashinger et al. [112] 
with the selective TRPM8 antagonist, 
AMTB, clearly showing an involvement 
of the channels in the micturition reflex 
and nociceptive signaling in the rat, sug- 
gests that further exploration of the TRPM8 
channels in the pathophysiology of LUTS/ 
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DO/OAB may be motivated. Targeting 
of this receptor may still provide a new 
opportunity for treatment of these 
disorders. 

The possible role of the urethral TRP 
channel in the pathophysiology of DO/ 
OAB should not be disregarded. It may be 
speculated that urothelial TRP receptors in 
the proximal urethra, activated by urine 
flow, may stimulate detrusor contraction. 
In addition, the relaxant effect on urethral 
muscle obtained by TRP receptor activation 
may be involved in the “unstable urethra,” 
which at least in women may be linked 
to DO. 

There are thus several links between 
activation of different members of the TRP 
superfamily and DO/OAB (several of them 
admittedly hypothetical), and further 
exploration of the involvement of these 
channels in LUT function — normally and 
in dysfunction — may be rewarding. 
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CHAPTER 12 


The role of co-medication in 
the treatment of OAB 


Nadir I. Osman and Christopher R. Chapple 
Department of Urology, Royal Hallamshire Hospital, Sheffield, UK 


Introduction 


Pharmacotherapy is the mainstay of the 
treatment of overactive bladder (OAB) 
after the failure of conservative measures. 
Over the past two decades there has been 


KEY POINTS 


Current combination therapy aims to relieve storage LUTS/OAB by targeting the bladder or its 
neural control as well a relieving voiding LUTS by ameliorating bladder outlet obstruction (BOO). 


The most established combination regimen for men with OAB is an alpha-adrenoreceptor 
antagonists (a-AA) with an antimuscarinic agent (anti-M). 


Well-designed prospective randomized studies have demonstrated clear advantages in storage 
LUTS/OAB efficacy endpoints for an a-AA+anti-M over an «-AA alone, when treatment is com- 
menced with both agents simultaneously, or when the anti-M is given as an add-on. 


There does not appear to be a significantly increased risk of acute urinary retention with 
combination of a-AA+anti-M, although studies excluded men at greatest risk (low flows, 
PVRs>200 ml and previous urinary retention) and extended only to three months. 


a-AA with phosphodiesterase (PDE5) inhibitor is a newer, less well-studied combination regimen, 
predominately investigated in small pilot studies. 


a-AA+PDES5 inhibitor therapy has demonstrated improvement in LUTS and flow rates, which in 
some cases has been greater than improvements observed with a-AA alone. 


There is a need for studies with longer follow-up to determine the long term safety and efficacy 
of «-AA+anti-M, whereas larger prospective randomized placebo controlled studies are required 
to establish the efficacy of a-AA+PDE5 inhibitor combination over either agent alone. 


In future it will be important to define the clinical features that determine which patients are 
most likely to benefit from current or new combination regimens. 
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an increasing recognition that the patho- 
genesis of storage lower urinary tract 
symptoms (LUTS) may have its basis in 
bladder function or its neural control 
mechanisms rather than simply arising 
due to bladder outlet obstruction (BOO) 
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secondary to benign prostate hyperplasia 
(BPH), as was traditionally thought. With 
this, there has been a growing emphasis 
on using classes of agents that target the 
pathophysiologies that underlie specific 
symptoms. OAB represents an important 
and highly bothersome subgroup of 
storage LUTS. Voiding LUTS, such as weak 
stream and intermittency, frequently 
coexist with storage LUTS and OAB in 
men and are normally attributed to BOO 
due to BPH. Thus the possibility of using 
one agent to relieve BOO and another to 
target OAB symptoms arose. The earliest 
and most established combination reg- 
imen for this indication is an antimusaca- 
rinic (anti-M) with an a-adrenoreceptor 
antagonists (a-AA). More recently the 
development of novel agents and the rec- 
ognition of new indications for established 
agents has opened up the possibility of 
entirely novel combinations that allow 
treatment to be tailored to an individual 
patient’s symptoms. We discuss the evi- 
dence for the different combination regi- 
mens for the treatment of OAB symptoms 
with a focus on the two combinations that 
have been investigated most in the con- 
temporary literature. 


Antimuscarinics and a- 
adrenoreceptor antagonists 


Most men with LUTS have a combination 
of both voiding and storage symptoms. 
Anti-Ms were traditionally avoided in 
men due to the perception that they 
precipitated urinary retention (UR). 
Chapple and Smith first alluded to the 
theoretical possibility of using an anti-M 
with an a-AA in 1994. [1] In 1999, Saito 
et al. were the first to publish a clinical 


study assessing this combination, admin- 
istering propiverine and tamsulosin to 
men with BPH and urinary frequency 
(including neuropathic patients). 
Subsequently a series of well-designed, 
mostly 12-week, randomized controlled 
trials (RCTs) were published which dem- 
onstrated the short term safety and effi- 
cacy of anti-M monotherapy in men with 
LUTS and low PVR. Several of these 
studies included an arm that combined 
treatment with an anti-M and a-AA, most 
commonly with the anti-M being given as 
an add-on therapy. We review the pivotal 
studies in Table 12.1. 


The tolterodine and tamsulosin 
for treatment of men with lower 
urinary tract symptoms and 
overactive bladder (TIMES) study 
The TIMES study was designed to assess 
the efficacy and safety of the anti-M tolt- 
erodine either alone or in combination 
with the a-AA tamsulosin, as initial phar- 
macotherapy in men with LUTS/BPH and 
significant OAB symptoms. It is unique as 
it is the only study to prospectively 
separately compare an anti-M, a a-AA, 
and combination therapy to placebo. The 
study included a total of 879 subjects 
randomized into four groups: tolterodine 
ER 4mg, tamsulosin 0.4mg, a combination, 
or placebo for a period of 12 weeks. [2] 
Subjects were over the age of 40yr and 
met entry criteria for both LUTS and OAB 
trials. Men suspected of having BOO 
(Qmax <5ml/s, post-void residual (PVR) 
>200ml) or a history of acute urinary 
retention (AUR) were excluded. At 12 
weeks, combination treatment resulted in 
the highest patient reported treatment 
benefit on the patient perception of bladder 
condition questionnaire (PPBC) with 80% 
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Table 12.1 Landmark studies of combination antimuscarinics and a-adrenoreceptor antagonists 


Study No of patients Study Effiacy endpoints Treatment arms AUR requiring 
length catheterization 
(weeks) (%) 

Kaplan et al. 879 12 PPBC Tolterodine 0 
Bladder diary Tamsulosin 0 
IPSS Tolterodine+Tamsulosin <1 

placebo <1 

Chapple et al. 652 12 IPSS Tolterodine ER +a-AA <1 
Symptom bother Placebo + a-AA <1 
Bladder diary 
Flow rate 
PVR 

MacDiarmid etal. 420 12 IPSS Oxybutynin+Tamsulosin 0 
QoL Placebo + Tamsulosin 0 
Flow rate 
PVR 

Kaplan et al. 398 12 Bladder diary Solifenacin +Tamsulosin 1.5 
IPSS Placebo + Tamsulosin 0 
Flow rate PVR 

Lee et al. 211 8 Bladder diary Propiverine+Doxazosin 0 
IPSS Doxazosin 0) 
PVR 


of patients reporting benefit by week 12 in 
comparison to placebo, tamsulosin, and 
tolterodine ER groups where 62, 71, and 
65% reported benefit respectively. At 12 
weeks, tolterodine monotherapy signifi- 
cantly reduced urgency urinary inconti- 
nence (UUI) episodes versus placebo but 
no other parameters. By contrast 
combination treatment led to significant 
improvements in several efficacy end- 
points including UUI episodes (-0.88 vs. 
-0.31, p=0.005), urgency without inconti- 
nence episodes (—3.33 vs. —2.54, p=0.03), 
number of voids/24h (—2.54 vs. —1.41, 
p<0.001), nighttime voids (-0.59 vs. 
—0.39, p=0.02), IPSS score (-8.02 vs. 
-6.19, p=.003), and IPSS QoL score (-1.61 
vs. -1.17, p=.003). In post hoc analysis, 
combination therapy demonstrated a 


significant reduction in terms of IPSS 
storage subscores as well as frequency, 
urgency, and nocturia items (all p<0.001). 
By contrast, the monotherapy group was 
not significantly different from placebo. [3] 
However further post hoc analyses, showed 
that tolterodine monotherapy did improve 
IPSS storage subscores in men with smaller 
prostates (vol. < 30ml and PSA<1.3ng/ 
ml) but not in men with larger prostates 
(vol. > 30ml and PSA>1.3ng/ml). [4, 5] 
This suggested that in men with smaller 
prostates an anti-M alone may be justified. 
There was no significant difference in 
Qmax or PVR between the groups. Overall 
there was a low incidence of AUR that 
with no significant differences between 
groups; tamsulosin 0, tolterodine 0.5, 
combination 0.4, and placebo 0%. 
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The detrusitol LA “add-on” to 
oa-blocker in men (ADAM) study 
Tolterodine ER 4mg as an add-on to an a- 
AA in men with persistent storage LUTS 
was also assessed in the ADAM study. [6] 
Included subjects were over 40yr with 
urinary urgency and frequency, moderate 
to severe symptoms on the PPBC question- 
naire, and had been on an a-AA for over a 
month. Men with PVRs above 200 ml were 
excluded. At 12 weeks, add-on tolterodine 
led to a significant reduction in total voids 
per 24hrs (-1.8 vs. -1.2; p=0.0079) and 
daytime voids (-1.3 vs. —0.8; p=0.0123), 
compared to placebo. Moreover, signifi- 
cantly greater in 24h 
urgency episodes (—2.9 vs. —1.8; p=0.0010) 
were observed with tolterodine add-on 
compared to placebo. IPSS storage sub- 
score (—2.6 vs. —2.1; p=0.0370); and OABq 
symptom bother scale (—17.9 vs. —14.4; 
p=0.0086) were also significantly reduced 
compared to placebo. AUR occurred 
in<1% of each group and there was no 
clinically significant increase in PVR or 
decrease in Qmax. There was no significant 
difference in improvements in PPBC bet- 
ween add-on tolterodine and placebo. 


improvements 


The solifenacin in combination 
with tamsulosin in overactive 
bladder residual symptoms 
(VICTOR) study 

The VICTOR study assessed add-on solife- 
nacin 5mg in men with persistent storage 
LUTS after being on tamsulosin (400 mcg) 
in comparison to placebo. [7] Subjects 
were 45yr or older and complained of 
frequency =8, urgency=1, had a total IPSS 
score>13, PPBC>3, PVR<200ml, and 
Qmax2>5ml/randomized. There was a 
significant reduction in urgency episodes 
with add-on solifenacin compared to 


placebo (—2.18 vs. —1.10, p<0.001) whilst 
total number of voids/24h was similar bet- 
ween the groups. In terms of patient 
reported outcomes, there were significant 
differences between the two groups. Three 
percent of the add-on solifenacin group 
experienced AUR compared to none of the 
placebo group. 


Oxybutynin as add-on to 
tamsulosin 

MacDiarmid et al. studied 420 men older 
than 45 yr with a total IPSS > 13 and storage 
subscore of >8. Subjects were randomized 
to receive oxybutynin 10mg extended 
release formulation or placebo as add-on 
to therapy with tamsulosin 400 mcg. [8] 
Exclusion criteria included a Qmax<8ml/s 
and a PVR> 150ml on two occasions. Total 
IPSS scores were noted to show a signifi- 
cantly greater improvement with add-on 
oxybutynin compared to placebo 
(p=0.006) as did IPSS storage subscores 
(p<0.01). The IPSS QoL score also 
improved to a significantly greater extent 
with oxybutynin (p<0.01). In 2.9% of 
patients tamsulosin + oxybu- 
tynin, a PVR of>300ml occurred com- 
pared to 0.5% in the tamsulosin + placebo 


group. 


receiving 


Propiverine and doxazosin 

Lee et al. conducted an eight-week multi- 
center study of propiverine 20mg plus 
doxazosin controlled release gastrointes- 
tinal therapeutic system formulation 4mg 
in urodynamically obstructed patients 
(Abrams-Griffiths number>20). The 
study included a total of 211 patients, 142 
randomized to a-AA plus anti-M and 69 
to a-AA alone. Combination treatment 
demonstrated greater 
improvements in frequency (23.5% vs. 


significantly 
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14.3%, p=0.004) and IPSS storage sub- 
score (41.3% vs. 32.6%, p=0.029) than 
doxazosin alone. Patient satisfaction was 
significantly higher with combination 
treatment (py=0.002). The study failed to 
demonstrate a significant increase risk of 
AUR with propiverine despite a small rise 
in PVR (from mean 28.8 to 49.6ml, 
p=0002).[9] 


Summary 

From the available literature it appears 
that co-medication with an anti-M and an 
a-AA in men with storage symptoms/OAB 
concomitant with LUTS suggestive of BPH 
is a safe and efficacious treatment option. 
There are, however, several important 
caveats when extrapolating the data to 
clinical practice. Most studies excluded the 
men who would be at the greatest risk of 
AUR (high PVRs — usually above 200ml — 
and low flow rates) as a consequence of 
reduced detrusor contractility or more 
severe BOO. Similarly prostatic volumes, 
when measured, were towards the low 
end of the spectrum. The majority of 
studies lasted three months or less, and 
although the incidence of AUR was very 
low, this length of time may not be long 


Table 12.2 Current guidance by AUA and EUA 


enough to determine accurately the long- 
term risk of AUR which is known to 
increase with the length of follow-up. In 
applying this data, the current American 
urological association guidelines (AUA) 
(2010) suggest co-medication is an “appro- 
priate and effective treatment alternatives 
for the management of LUTS secondary to 
BPH in men without an elevated post-void 
residual and when LUTS are predomi- 
nantly irritative.” Similarly, the European 
association of Urology (EAU) states that 
co-medication “might be considered in 
patients with moderate to severe LUTS if 
symptom relief has been insufficient with 
the monotherapy of either drug” 
(Table 12.2). A simplified clinical algorithm 
for the male with storage LUTS/OAB is 
presented in Figure 12.1. 


Phosphodiesterase-5 
inhibitors and o- 
adrenoreceptor antagonists 


Both LUTS and erectile dysfunction (ED) 
are common conditions in aging men. The 
epidemiological data suggest a strong cor- 
relation between ED and LUTS. [10] It has 


Guideline a-adrenoreceptor a-adrenoreceptor antagonists + PDE5 
antagonists + Antimuscarinics inhibitors 
AUA (2010) Appropriate and effective treatment alternatives No guidance 
for the management of LUTS secondary to BPH 
in men without an elevated post-void residual 
and when LUTS are predominantly irritative. 
EAU (2013) Might be considered in patients with moderate Reduce moderate to severe male LUTS. 


to severe LUTS if symptom relief has been 
insufficient with the monotherapy of either drug. 


Currently restricted to men with erectile 
dysfunction, pulmonary arterial hypertension, 
or to those who have lower urinary tract 
symptoms and participate in clinical trials. 
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Male with LUTS 


J 


Characterize most 
bothersome LUTS 


If voiding LUTS alone or 
Voiding LUTS + storage LUTS/OAB 


Alpha-adrenoreceptor 
antagonist 


Persistent storage 
LUTS/OAB? 


If Storage LUTS/OAB 


Antimuscarinic agent 


Add on 


Figure 12.1 Simplified clinical algorithm for the management of male storage LUTS/OAB. 


been proposed that an alteration in the 
NO/cGMP signaling pathway may be an 
important common underlying mecha- 
nism in the pathogenesis of both LUTS and 
ED. [11] Siaram et al., in 2002, reported 
that PDE5 inhibition improved LUTS in 
men being treated for ED. Subsequently, 
evidence from RCTs of PDE5 inhibitor 
monotherapy in men with LUTS has 
shown significant reductions in IPSS scores 
versus placebo without a concomitant 
improvement in Qmax, suggesting the 
mechanism of action is not simply the 
relief of BOO. [12] Certainly, PDE5 gene 
and protein expression has been demon- 
strated throughout the entire lower urinary 
tract in men [13] as well as the pelvic blood 
vessels, whilst PDEF inhibition was shown 
to induce relaxation of strips of detrusor 
muscle, prostate, and pelvic blood vessels. 


[14] In vivo studies also suggest that PDE5 
inhibition reduces afferent signaling. [15, 
16] Thus, it is possible that PDE5 inhibition 
improves LUTS through a predominant 
bladder related mechanism and/or through 
an improvement in blood flow to the lower 
urinary tract. 

Although the efficacy of PDE5 inhibi- 
tors for OAB in women remains to be 
established, their efficacy in treating LUTS 
in men is now widely accepted and recently 
tadalafil monotherapy was approved for 
this indication. Combination therapy of 
PDE5 inhibitors with an a-AA is less well 
studied, mainly in several small pilot 
studies. The rational for combination 
therapy would be to optimize LUTS related 
efficacy and treat concomitant ED. We 
review the evidence relating to LUTS in the 
key studies. 
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Sildenafil and alfuzosin 

Kaplan et al. conducted the first prospec- 
tive randomized study to compare the 
combination of an a-AA (alfuzosin 10mg) 
with a PDE5 inhibitor (sildenafil 25mg). A 
total of 62 subjects who had both LUTS 
suggestive of BPH and ED and aged 50 or 
over were included. [17] Men were 
randomized to the three groups; alfuzosin 
alone, sildenafil alone, or combination 
treatment. There were significant improve- 
ments in IPSS scores across all groups. The 
greatest improvement, however, was with 
combination treatment (24.1%), signifi- 
cantly greater than both sildenafil alone 
(16.9%) and alfuzosin alone (15.6%) 
groups. Changes in IPSS storage subscores 
were not presented; however, frequency 
and nocturia episodes were significantly 
improved only with combination and alfu- 
zosin, not sildenafil alone. 


Sildenafil and tamsulosin 

Tuncel et al. conducted an eight-week 
study after randomizing a total of 60 men 
with LUTS suggestive of BPH to treatment 
with sildenafil 25mg, tamsulosin 400 mcg, 
or a combination of both. [18] The 
combination group demonstrated the 
greatest improvement in total IPSS scores 
at 40.1%, although this was not signifi- 
cantly different from tamsulosin mono- 
therapy (36.2%). Sildenafil alone also led 
to an improvement in IPSS to a signifi- 
cantly lesser degree at 28.2%. Separate 
IPSS storage subscores were not presented. 
Both tamsulosin alone and combination 
treatment led to similar changes in Qmax. 


Tadalafil and tamsulosin 

Bechara et al. performed a crossover study, 
randomizing 30 men over the age of 50 
with LUTS suggestive of BPH to receive 


either tamsulosin 400 mcg or tamsulosin 
400 mcg + tadalafil 20 mg for 45 days before 
switching to the alternate treatment for 
another 45 days. [19] Whilst both treat- 
ments led to equivalent improvements in 
Q max and PVR, combination therapy led 
to significantly greater improvements in 
IPSS score as well as the IPSS QoL score. As 
with the previous studies, outcomes in 
terms of IPSS storage subscores were not 
presented. 


Tadalafil and alfuzosin 

An open label study prospectively com- 
paring treatment with alfuzosin (10mg), 
monotherapy, tadalafil (20mg), 
therapy, or combination therapy in men 
with LUTS suggestive of BPH was reported 
by Liquori et al. [20]. IPSS improved signif- 
icantly in the alfuzosin group (27.2%) and 
to a greater extent in the combination 
group (41.6%) with a non-significant 
increase in the tadalafil monotherapy 
group (8.4%). The greatest increase in 
Qmax was observed in the combination 
group (29.6%) compared to alfuzosin 
(21.7%) and tadalafil (9.5%). The 
difference between combination therapy 
and alfuzosin was non-significant. Nocturia 
improved significantly with both alfuzosin 
and combination but not with sildenafil 
alone. 


mono- 


Vardenafil and tamsulosin 

More recently Gacci et al. reported a 12- 
week placebo controlled study, comparing 
treatment with tamsulosin 400 mcg plus var- 
denafil with tamsulosin 400 mcg plus 
placebo. [21] The study included subjects 
who had ongoing storage LUTS (based upon 
an IPSS storage subscore>8) after a four- 
week washout period and a two-week run- 
in period with tamsulosin. Combination 
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therapy showed greater, though not statisti- 
cally significant, improvements in total IPSS, 
IPSS bother score, and OAB-gq than tamsu- 
losin with placebo. In terms of IPSS storage 
subscore, combination treatment improved 
scores to a significantly greater extent than 
tamsulosin with placebo (—3.11 vs. 1.67, 
p=0.039). Interestingly, this study showed 
significant advantage in terms of Qmax 
with combination therapy compared to 
tamsulosin plus placebo (+2.56 vs. +0.07, 
p=0.034). 


Summary 
Gacci and colleagues recently preformed a 
meta-analysis of the studies of combination 
of a-AA with PDE5 inhibitors [12] 
including 202 patients; 99 receiving a-AA 
and 103 receiving combination. Total IPSS 
scores were reduced in both groups to a 
greater extent with 
combination treatment than o-AA alone 
(-1.8 [-3.7 to 0.0] p=0.05). There was also 
a significant advantage for combination 
therapy in improvement of Qmax (1.5 ml/s 
[+0.9 to +2.2]; p<0.0001), which is sur- 
prising given that PDE5 inhibitors alone do 
not increase Qmax. In terms of safety, the 
AE rate was similar for the two regimens 
(6.8% for combination and 5.1% with a- 
AA alone). 

Clearly, in view of the small numbers, 


significantly a 


the use of varying agents at varying dos- 
ages, as well as lack of blinding in some 
cases, the evidence base for the combination 
of an «-AA with PDE5 inhibitor is substan- 
tially weaker than a-AA with an anti-M. 
Moreover, most studies lack an adequate 
assessment of storage LUTS/OAB using 
total IPSS score as the primary subjective 
efficacy endpoint. Nevertheless, taken 
together these small studies suggest that 
combining an o-AA with PDE5 inhibitor 


may be an efficacious option in some men 
with LUTS. The combination is not yet 
recommended for use in routine clinical 
practice (Figure 12.1). How PDE5 inhibi- 
tors improve LUTS is unclear, even less is 
known regarding the mechanism of LUTS 
improvement when combined with an a- 
AA. In vitro, combination alfuzosin with 
tadalafil was shown to more effectively 
inhibit electrical-induced human prostate 
and bladder contractions than either agent 
alone, suggesting a synergistic effect may 
perhaps explain the improved efficacy 
when the agents are used in combination. 
[22] 


Other combination regimens 


Combined medication with two different 
anti-M agents is an alternative approach 
that has been studied by few investigators. 
The aim is to optimize the efficacy of anti- 
M. Amend et al. studied the co-medication 
with two anti-Ms in 27 patients wiith neu- 
rogenic DO who had not responded to 
dose escalation with a single agent. 
Instances of urgency urinary incontinence 
decreased and bladder capacity increased 
after add-on therapy with another anti-M, 
consequently 85% of participants reported 
satisfaction with the treatment. [23] Two 
patients discontinued combination 
treatment. More recently, Yi et al. assessed 
addition of a second anti-M in patients 
with idiopathic OAB who failed to obtain 
sufficient symptomatic improvement with 
a single anti-M after dose escalation in a 
retrospective that included 49 
patients. [24] Following the addition of a 
second anti-M, mean urgency episodes 
decreased from 3.8 to 1.9 (p<0.001) whilst 
day frequency reduced from 10.4 to 7.4 


series 
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(p<0.001) after a mean duration of 
treatment of 9.3months. There was no 
difference in efficacy between patients 
receiving two non-selective agents and 
those receiving a non-selective agent and 
an M3 selective agent. In total, 22.4% 
patients discontinued combination 
treatment due to poor efficacy or dry 
mouth. Theoretically, any efficacy derived 
from co-medicating with two anti-M 
agents may be related to a dose dependent 
effect, differences in receptor selectivity of 
two agents, or perhaps a synergistic effect. 
Further prospective randomized studies 
would be required to establish the efficacy 
and tolerability of this approach. 

Other combination regimens for the 
treatment of storage LUTS/OAB are at pre- 
sent largely experimental or theoretical 
and have not been investigated in the 
setting of prospective randomized clinical 
studies. With the availability of new agent 
classes, such as the beta-3 agonist and 
PDE5 inhibitors, there will be in the future 
the opportunity to assess the efficacy and 
safety of these agents in combination with 
generic formulations of a-AA and anti-Ms 
that are becoming available. 


Future directions 


Combination therapies for the concomi- 
tant alleviation of both voiding LUTS and 
storage LUTS/OAB are now emerging. 
Anti-M with a-AA is the most established 
combination in men and although the 
three-month studies provide strong safety 
and efficacy data there is a need for studies 
with extended follow-up to determine the 
long-term outcomes. Additionally the 
inclusion of men with PVRs > 200ml would 
help inform whether it is safe to use anti-M 


in men with higher residuals. A PDE5 
inhibitor with an a-AA is an emerging 
combination with a smaller, weaker evi- 
dence base — larger placebo controlled 
studies are needed to establish the efficacy 
and safety of this combination. There is 
particular a need for more comprehensive 
assessment of storage LUTS/OAB using 
more specific measures. 
Moreover, given the expense of PDE5 
inhibitors in many regions of the world, 
analysis of the cost-effectiveness of their 
use in men with LUTS is required. Other 
combination are at present 
largely theoretical or studied in only a 
handful of pilot or retrospective clinical 
studies. In future, it will be important to 
establish the characteristics of patients who 
have the greatest chance of deriving benefit 
from any given combination regimen. It 
will be essential to consider any cost impli- 
cations as well as the risk of further side- 
effects in using two agents. With generic 
formulations of agents in several pharma- 
cological classes now available, there is an 
opportunity to comparatively evaluate 


outcome 


regimens 


new combinations. 
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Other non-surgical approaches for the 
treatment of overactive bladder 
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KEY POINTS 


e Overactive bladder (OAB) treatment follows a well-defined and accepted stepped approach with 
lifestyle modifications, pelvic floor exercises, pharmacologic agents (antimuscarinics, B3-agonists), 
and lastly more invasive interventions (botulinum toxin, neuromodulation, surgery) as necessary. 


e When those standard options fail or cannot be applied to a specific patient, one can become 
familiar with various ancillary treatments that have been studied and proposed for management 
of OAB. 


e Herein we will review the rationale and results to be expected from bladder training, acupunc- 
ture, naturopathic and herbal remedies, magnetic stimulation, catheters, and tissue engineering. 


Introduction 


Overactive bladder (OAB) treatment fol- 
lows a well-defined and accepted stepped 
approach with lifestyle modifications, pelvic 
floor exercises, pharmacologic agents (anti- 
muscarinics, B3-agonists), and lastly more 
invasive interventions (botulinum toxin, 
neuromodulation, surgery) as necessary. 
When those standard options fail or 
cannot be applied to a specific patient, one 
can become familiar with various ancillary 
treatments that have been studied and 
proposed for management of OAB. Herein 
we will review the rationale and results to 


be expected from bladder training, acu- 
puncture, naturopathic and herbal rem- 
edies, magnetic stimulation, catheters, and 
tissue engineering. 


Bladder training 


This can be initiated in the primary care 
setting with other lifestyle interventions. 
The goal is to reduce voiding frequency, 
potentially increasing bladder capacity 
and reducing the need to void in response 
to urgency. Timed voiding or a scheduled 
voided regimen 


involves urinating at 
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regularly set intervals that disregard the 
normal urge to void. [1] With the urge 
suppression strategy, patients are instructed 
to delay urination by gradually increasing 
the interval from when the urge is felt 
to when they actually void. Distraction 
(counting backwards) or relaxation (deep 
breathing) may help patients to hold long 
enough. A Cochrane review examined 
the effect of bladder training for treatment 
of urinary incontinence. It included data 
from eight trials involving 858 participants. 
Despite lack of long-term follow-up and 
statistical significance, bladder training was 
slightly favored compared to no training 
but there was not enough evidence to 
determine whether it was useful as a 
supplement to another therapy. [2] There 
are many variations in bladder training 
parameters and it is not clear what the most 
appropriate protocol would be. [3] These 
are quite innocuous but time-consuming 
techniques that require a highly motivated 
patient since a minimum of six-week trial is 
required to see any benefit. [4] 


Acupuncture 


Acupuncture is a traditional Chinese modal- 
ity that has been used for more than 2000 
years to treat many conditions, including 
urinary incontinence. The exact mechanism 
of action is not quite understood but many 
are convinced that it is primarily mediated 
through the nervous system through 
activation of cutaneo-visceral effects. [5] 
Traditionally, acupuncturists use the con- 
cepts of “qi” (life-force, pronounced “chee”), 
“yang,” and “yin.” Different from Western 
medicine, the kidneys’ qi plays a role in 
holding the urine in the bladder. Urinary 
incontinence typically involves the kidney’s 


qi energy being weak or deficient. [6] 
Acupuncture focuses on correcting those 
body’s imbalances by inserting fine needles 
into specific points of the body, called 
“acupoints.”[6] Interestingly, most of the 
acupoints traditionally used to treat urinary 
incontinence are located within the nerve 
segments or dermatomes targeted by neu- 
romodulation methods. Treatment sessions 
typically last between 30-60 minutes, with 
the needles being retained for 15 minutes 
or so, and are performed once or twice per 
week for 10-12 sessions. [7] To enhance 
the efficacy of the treatment, the acupunc- 
turist may manually stimulate the needles 
or use electrical stimulation or moxibus- 
tion (heating the needle using moxa, a 
therapeutic herb). [5] 

Most of the scientific literature concern- 
ing acupuncture for treatment of urgency 
urinary incontinence includes small, uncon- 
trolled studies. We identified five full-text 
articles of reasonable quality involving 126 
patients from 1988 to 2000. [8-12] Despite 
considerable variation across the studies, 
all demonstrated significant improvements in 
subjective outcome measures such as quality 
of life, while results from objective measures 
(pad weights, number of micturitions, voided 
volumes, etc.) were more diminished, pre- 
cluding meaningful conclusions. 

Of note, Chang et al., who reported the 
longest follow-up study (up to five years), 
described no cumulative effect and useful- 
ness of intermittent treatments for main- 
tenance of symptom relief over time, with 
4 out of 26 women dropping out due to 
lack of efficacy. [10] 

Recently, a systematic review based 
on the Cochrane criteria identified three 
RCTs addressing the topic. [13] From 
1994 to 2011, a total of 203 participants 


were involved in these studies, with 
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protocols that varied in terms of control 
groups (sham acupuncture, oxybutynin), 
acupoints used, stimulation method, out- 
come measures (bladder diary, question- 
naires, assessment), and 
duration of treatment (4-6 weeks) and 
follow-up (2-12 weeks). [14-17] The results 
from the selected RCTs failed to demonstrate 
any statistically significant improvements 


urodynamic 


in urinary incontinence, although acupunc- 
ture or acupressure did exhibit favorable 
effects on overactive bladder symptoms 
and quality of life in comparison with other 
conventional therapies. 

Overall, studies have shown that it is 
well tolerated with very few and minor side- 
effects, such as drowsiness, minor bleed- 
ing, bruising or discomfort from needle 
placement. [13] Despite globally supporting 
higher continence rates with acupuncture, 
the results were not statistically significant 
for all four trials, [14-17] as expected from 
the low numbers of participants, making 
the clinical evidence insufficient to conclude 
on the effectiveness of acupuncture in OAB. 

The use of acupuncture as an adjunct 
to Western medicine is a safe modality that 
seems to offer beneficial effects on OAB 
symptoms. Nevertheless, not all patients will 
respond to acupuncture treatments. [18] 
Inconsistencies in protocols across the studies 
and scarcity of data warrant some caution 
before making definitive recommendations, 
and higher quality and rigorous trials with 
longer-term follow-up are required. 


Naturopathic and herbal 
remedies 


Patients may seek complementary and 
alternative medicines for various rea- 
sons: dissatisfaction with the results or 


side-effects of conventional agents such 
as antimuscarinics, need for personal 
control over their treatment, perception 
that natural/herbal remedies are more 
innocuous, or dissatisfaction from inter- 
actions with physicians. [19, 20] Despite 
the lack of randomized controlled trials 
(RCTs), the frequent and empirical use 
of some over-the-counter traditional 
herbal medicines warrants some basic 
knowledge on the part of the physician 
to counsel patients appropriately. 

Gosha-jinki-gan (GJG), a traditional 
Asian medicine composed of 10 different 
herbs, has been the most studied of the 
commonly used herbal medications for 
OAB. Kajiwara and Mutaguchi reported 
on a prospective study among 44 Japanese 
females with OAB treated for eight weeks. 
Significant improvements in International 
Prostate Symptom Scores (IPSS) (from 
14.2 to 10.0), QoL (from 4.2 to 3.1), and 
reduction in daily frequency of micturi- 
tions (from 9.3 to 7.8/d) were observed. 
Adverse reactions occurred in 9.1% of 
patients, mostly gastrointestinal symp- 
toms of mild intensity. [21] Ogushi and 
Takahashi followed 30 men with OAB who 
were administered GJG over six weeks 
with similar results. [22] The mechanism 
of action of GJG remains unclear but it 
is thought to be associated not with anti- 
cholinergic action but with inhibition of 
spinal « opioid receptors, resulting in 
decreased bladder sensation and reduced 
urinary frequency. [23] 

An extract of Ba-Wei-Die-Huang-Wan 
has also been studied by Andersson and 
co-workers demonstrating its effect in 
inhibiting ATP-induced detrusor overac- 
tivity in rats, but so far this has not been 
translated into human studies. [24] Other 
herbal remedies frequently used for OAB 
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have been reviewed by Chughtai et al. and 
include Hachi-mi-jio-gan, Buchu (Barosma 
betulina), Cornsilk (Zea mays), Cleavers 
(Galium aparine), Ganoderma lucidum, and 
horsetail (Equisetum). [25] 

Bearing in mind that these preparations 
are not regulated by medical regulatory 
bodies — such as the FDA - for safety, consis- 
tency of labeling, and ingredients, consider- 
ably more research is required to support 
their use. 


Magnetic stimulation 
Extracorporeal magnetic innervation or 
magnetic stimulation (MStim) can be applied 
at the sacral or perineal levels for treatment 
of urinary incontinence. Surface coils pro- 
duce pulsed electromagnetic rapidly chang- 
ing fields which result in nerve stimulation 
and probable neuromodulation, in a similar 
manner to electrical stimulation. [26] 
Treatment sessions typically last 20 to 30 
minutes and are performed twice a week 
for a 6-8 week period. [27] Advantages to 
this technique include its non-invasiveness, 
no need for the patient to undress as the 
magnetic fields pass through clothing, and 
lower current (compared to electrical stim- 
ulation) is delivered at the surface body to 
achieve the same current at the nerve root 
since the magnetic field is unaffected by 
tissue impedance. This results in less dis- 
comfort for the patients. [27] MStim can be 
chair-based or home-based. The Neocontrol 
chair (Neotonus Inc., Marietta, Georgia, 
USA) was approved by the FDA in 1998 and 
appeared initially as a promising alternative 
treatment for OAB. Reported side-effects 
of MStim include leg pain, abdominal 
pain, cystitis, bowel symptoms, backache, 
tingling sensation, perineal pain, neck pain, 


and potential exacerbation of pre-existing 
lumbar ischialgia. [28] 

Five trials examined MStim in men and 
women with UI, mixed UI, or predominant 
urgency UI, [29-33] comparing it to sham 
or electrical stimulation. Interestingly, short- 
term data showed encouraging results with 
objective inhibition of provoked detrusor 
contractions for both idiopathic and neu- 
rogenic detrusor overactivity in patients 
in a number of studies, [34-37] although 
the exact mechanism of action is not fully 
understood. Limitations of those studies 
included small patient populations, lack of 
control groups, lack of long-term results, 
and inconsistencies in procedural pro- 
tocol (various stimulation parameters in 
intensity and duration). For the long-term, 
compliance may be an issue as the effects 
appear to be temporary and patients need 
to continue to attend twice weekly for 
their treatment sessions, which might be 
costly. [26, 27] 

MStim has fallen out of favor, probably 
because it has not been proved to increase 
continence more than sham stimulation. 
[38] It is now considered an experimental 
and/or investigational modality for the 
treatment of UI due to insufficient long- 
term data of quality available to assess its 
safety and/or efficacy. [3] 


Containment products 


Products are available for intractable 
incontinence: pads or protective garments, 
indwelling catheters, condom (male exter- 
nal sheath) catheters, and so on. They 
should be considered as a last resort 
alternative when other options have failed 
or proved to be insufficient. Catheters in 
particular should be reserved for patients 
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who are cognitively impaired, with poor 
hand function, those who have limited 
assistance from caregiver for other types of 
bladder management (such as intermittent 
catheterization), [39] or when protection 
of wounds that need to be kept clean of 
urine is required. [40] A catheter can be 
used sporadically or on a long-term basis. 
For long-term use, a supra pubic cath- 
eter might be the preferred option, with 
advantages such as less risk of urethral 
trauma, less interference with sexual 
activity, and greater comfort and easier 
access for those who are chair bound. [41] 
However, this is not evidence-based as a 
Cochrane review concluded that there 
are a lack of data regarding the use of dif- 
ferent types of catheters for long-term 
bladder management. Indeed, it was not 
possible to address conclusively whether 
external sheath catheters are better than 
indwelling, and whether indwelling ure- 
thral are better or worse than supra pubic 
catheters. [42] Catheters carry risks of 
blockage, infections, stones, and even blad- 
der carcinoma due to chronic irritation 
of the bladder mucosa and, therefore, 
patients with indwelling catheterization 
still require periodic monitoring. 

One should bear in mind that for recal- 
citrant OAB symptoms, catheters alone 
are often unhelpful as uninhibited con- 
tractions might lead to leakage around the 
catheter. In selected cases where no other 
treatment is feasible, appropriate, or satis- 
factory, urinary retention needs to be 
induced pharmacologically combined with 
indwelling catheterization. [43] This often 
happens with detrusor hyperactivity with 
impaired contractility (DHIC), a variety 
of OAB frequently encountered in the 
elderly. It presents with a seemingly para- 
doxical set of findings, as the bladder is 


overactive but empties ineffectively [44] 
in the absence of bladder outlet obstruc- 
tion. It is a challenging condition to treat, 
especially considering the numerous lim- 
itations to consider in a frail population. 
Combination of an antimuscarinic with 
an indwelling catheter might be the only 
solution. 

The debilitating symptoms of OAB 
shatter the quality of life and, in some 
people, the only possible feasible man- 
agement might be to control urinary 
incontinence through containment prod- 
ucts such as pads, external sheath cathe- 
ters, or indwelling catheters. An excellent 
source of information on products can 
be found on the combined ICI (Interna- 
tional Consultation on Incontinence) ICS 
(International Continence Society) website 
entitled “Continence Product Advisor” 
(http://www.continenceproductadvisor. 


org). 


Future: tissue engineering 
and gene therapy 


Since current interventional therapies 
have limitations, cell-based and gene ther- 
apies are emerging as new treatment con- 
cepts. The field of tissue engineering has 
made tremendous progress in many areas 
since its beginning in the early 1990s. [45] 
The ultimate goal of regenerative medi- 
cine for OAB would be the implantation 
of tissue-engineered autologous bladders 
or urinary conduits in patients as an 
alternative to augmentation cystoplasty or 
cystectomy. [46] With encouraging results 
from preclinical and clinical phase I studies, 
Joseph et al. recently reported the first 
phase II prospective study performed on 
a total of 11 children and adolescents 
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with spina bidifa. Autologous urothelial 
and smooth muscle cells were grown and 
seeded on biodegradable scaffolds and 
then implanted in patients for use as blad- 
der augmentation. Bladders were cycled 
postoperatively to promote regeneration. 
Unfortunately, no significant improvement 
in clinical parameters and a rate of 
adverse events higher than expected 
were observed. [47] The theory behind 
using stem cell therapy for bladder regen- 
eration or replacement is exciting, but it 
is expected that meaningful advances in 
this field will take a long time and the 
ultimate cost of technology will also 
determine whether it becomes a viable 
alternative. 

Various applications of gene therapy 
for the treatment of OAB have been 
described. Yokoyama et al. reported the 
effects of herpes simplex virus (HSV) vec- 
tors mediating expression of encephalin 
on bladder overactivity and pain. [48] 
Kashyap and his team showed that block- 
ing nerve growth factor overexpression 
in bladder urothelium by antisense oli- 
gonucelotides would suppress bladder 
overactivity. [49] Other studies involv- 
ing injecting adipose-derived stem cells or 
bone-marrow-derived mesenchymal stem 
cells in animal models with OAB showed 
bladder remodeling and improved bladder 
function. [50, 51] Taken together, these 
preliminary data support gene therapy as 
a potentially useful modality in the future 
for the treatment of OAB. 

Despite major expansion and progress 
in the field of regenerative and personal- 
ized medicine in the last two decades, many 
challenges remain to be addressed and it is 
too early to comment on their future use- 
fulness and applicability. 


Conclusion 


OAB symptoms can be devastating on 
quality of life and, when more traditional 
modalities appear insufficient to relieve 
symptoms, other non-surgical approaches 
might be considered, either bladder train- 
ing, acupuncture, herbal remedies, mag- 
netic stimulation or, as a last-resort option, 
containment products such as pads or 
catheters. Given the high placebo rate and 
substantial heterogeneity among many 
studies addressing treatment of urinary 
incontinence, more RCTs are required to 
strengthen the evidence regarding effec- 
tiveness of these modalities. Healthcare 
providers should be knowledgeable about 
alternative options for OAB and keep their 
eyes open for emerging strategies, such as 
tissue engineering and gene therapy. 
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Third Line Management 


CHAPTER 14 


Maximizing the treatment of 
overactive bladder with sacral 


nerve stimulation 


Scott MacDiarmid 


Alliance Urology Specialists Bladder Control and Pelvic Pain Center, Greensboro, NC, USA 


What is neuromodulation? 


The International Neuromodulation Society 
defines therapeutic neuromodulation 
as “the alteration of nerve activity 
through the delivery of electrical stimu- 
lation or chemical agents to targeted 
sites of the body.” [1] By altering neuro- 
transmission processes and restoring 
neural balance, neuromodulation can 
have profound effects on pain relief, 
restoration of normal bowel and bladder 
control, tremor control, and many other 
things. [2] 


The clinical need for 
neuromodulation? 


The clinical need for sacral nerve stimulation 
(SNS), percutaneous tibial nerve stimulation 
(PINS), and onabotulinum toxin type A is 
enormous. In order for us to raise the level of 
care we are currently providing we must 
liberally offer all three therapies to our OAB 
patients. It is important to remember that OAB 
is common, it significantly impacts quality of 
life, and the treatment of OAB with conserva- 
tive therapy does not reach the patient’s 
treatment goal in the majority of cases. 


KEY POINT 


patients. 


e In order to elevate care we must liberally offer all three neuromodulation therapies to our OAB 


OAB is common 


According to the National Overactive 
Bladder Evaluation (NOBLE) Study, the 
prevalence of OAB in adult Americans is 


16.9% in women and 16.0% in men, 
approaching 34 million sufferers. [3] In a 
recent Internet survey the prevalence of 
“at least somewhat bothersome” OAB in 
the United Kingdom and Sweden was 22.5 
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and 33.7% for women, and 10.9 and 
14.6% for men, respectively. [4] Its 
prevalence increases with age, with esti- 
mates of 30% in women 65 years of age 


and older. Based on patient volume 
and other factors, OAB might be one of 
the most important populations urologists 
care for. 


KEY POINT 


e The millions with OAB represent a very important population to urologists. 


The impact of OAB 


The negative impacts of OAB on quality 
of life include impaired mobility, social 
isolation, impaired work-related produc- 
tivity, depression, disturbed sleep, and 
impaired domestic and sexual function. 
[5] A QOL survey in a US community- 
based sample using the Medical Outcomes 
Study Short-Form 20 demonstrated that 
the OAB patients had significantly lower 
QOL scores on every domain than con- 
trols. [6] 

Recurrent urinary tract infections and 
perineal skin breakdown are more preva- 
lent among patients with urge inconti- 
nence. [7] The risk of falls and associated 
non-spine fractures is also significantly 
increased. [8] 

The economic cost associated with 
OAB is substantial both to the individual 
patient and to the healthcare system. The 
total economic cost of urinary inconti- 
nence in the US in 1995 for persons aged 
65 years and older has been estimated at 
$26.3 billion, or $3565 per person affected. 
[9] More recently, Ganz estimated that the 
average annual per capita costs of OAB 
were $1925. The total estimated national 
costs were $65.9 billion. [10] 


The limitations of 
conservative therapies 


The mainstay of OAB therapy consists 
of non-pharmacologic and pharmaco- 
logic approaches, either as monother- 
apy orin combination. Non-pharmacologic 
treatment includes dietary and_ fluid 
modifications, behavioral therapy, and 
pelvic floor muscle rehabilitation. [11] The 
antimuscarinics — darifenacin, fesotero- 
dine, oxybutynin, solifenacin, tolterodine, 
and trospium chloride - are recom- 
mended as second-line therapy. [12] 
Myrbetriq, a newly approved Beta-3 agent, 
is an alternative for both the treatment 
naive and for those who have failed 
antimuscarinics. 

Unfortunately, the majority of patients 
do not reach their treatment goal with 
conservative therapies. Although pub- 
lished improvements in urgency inconti- 
nence episodes with behavioral therapy 
range from 50 to 80%, these were achieved 
in highly motivated patients treated by 
experts using strict behavioral protocols. 
[12] Such improvement in daily practice 
may be unrealistic and many offices do not 
offer non-pharmacological treatments. 
Many patients benefit from antimuscarinics 
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but the data and clinical experience support 
a low adherence rate to them. Brostrom 
reported continuation rates with OAB 


agents of less than 50% at 6 months, less 
than 25% at 1 year, and less than 10% at 2 
years or longer. [13] 


KEY POINT 


e Conservative therapies fail to meet the patient's treatment goal in the majority of cases. 


These patients with refractory OAB 
I have coined as having ROAB. If one 
critically evaluates the current usage of 


refractory treatments it is obvious that the 
vast majority of ROAB patients are left 
untreated. As experts we must do better. 


KEY POINT 


e Unfortunately the majority of ROAB patients are left untreated. As experts we must do better. 


Refractory OAB 


The American Urological Association 
(AUA) guideline panel [12] defines the 
refractory OAB patient as one who has 
failed appropriate behavioral therapy and 
who has failed a trial of at least one anti- 
muscarinic medication administered for 6 
to 12 weeks. Failure may include lack of 
efficacy and/or inability to tolerate adverse 
drug effects. The panel notes that it is 
important to combine behavioral and med- 
ical therapy and to try alternative antimus- 
carinics before calling the patient refractory. 

In daily practice, the definition of 
ROAB is much more encompassing. ROAB 
patients have likely failed two or more 
antimuscarinics, and more recently a 
Beta-3 agonist. They may not be able to 


afford their medications, have contraindi- 
cations to them, or perhaps prefer not to 
take a pharmaceutical. Third-party payers 
often define ROAB before they will pay for 
a refractory neuromodulation therapy. 
And if one includes partial responders to 
medication still experiencing bothersome 
symptoms, the number of ROAB patients 
is tremendous. 

There have been approximately 150000 
sacral nerve stimulators placed worldwide 
since 1997, with 25000 implanted in the 
USA in 2012. Approximately 15000 and 
35000 were treated with PTNS and onbot- 
ulinum respectfully. Estimating 
10000 US Urologists and Urogynecologists, 
we are each treating on average 7-8 ROAB 
patients annually. Clearly we are not treat- 
ing ROAB. 


toxin, 


KEY POINT 


e ROAB is markedly undertreated with neuromodulation. 
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Sacral nerve stimulation 


Sacral nerve stimulation by the Interstim® 
(Medtronic, Minneapolis, MN) device is an 
innovative neuromodulation treatment for 
lower urinary tract symptoms. Originally 
approved by the FDA in 1997, it is indi- 
cated for the treatment of non-obstructive 
urinary retention and the symptoms of 
OAB when more conservative treatments 
fail or have intolerable side-effects. 

In 2011, InterStim® received FDA 
approval for the treatment of chronic fecal 
incontinence in patients who have failed or 
who are not candidates for more conserva- 
tive therapies. In addition, SNS has gained 
popularity for the treatment of a number of 
other indications in clinical practice 
including neurogenic detrusor overactivity, 
chronic pelvic pain syndrome, voiding 
dysfunction following sling cystourethro- 
pexy, and pediatric voiding dysfunction. 

It appears that the mechanism of action 
of SNS is through activation of the somatic 


pudendal nerve afferent inflow at the 
sacral root level that in turn affects 
bladder storage and emptying by modi- 
fying bladder and central nervous system 
reflexes. [14, 15] Pudendal nerve afferent 
stimulation can modulate and inhibit 
sensory outflow from the bladder to the 
pontine micturition center, thereby pre- 
venting bladder overactivity. In addition, it 
is believed that SNS can restore voiding in 
patients with urinary retention by inhibi- 
tion of the spinal guarding reflex. 


Outcomes of SNS 


The data supporting the efficacy and 
safety of SNS in the treatment of OAB is 
plentiful and robust. Despite the fact that 
there is no true FDA-approved indication 
for a number of select populations, many 
groups are managed based on their symp- 
toms of urinary frequency, urgency, and/ 
or urgency incontinence. 


KEY POINT 


robust. 


e The data supporting the efficacy and safety of SNS in the treatment of OAB is plentiful and 


In 1999, Schmidt et al. evaluated SNS 
in 34 patients and compared them to a 
delayed therapy group of 42 as a control. 
[16] At six months the number of daily 
incontinence episodes, severity of inconti- 
nence, and pad usage were significantly 
reduced in the stimulation group vs. the 
delay group (p<0.0001); 46% of the SNS 
patients were dry and an additional 29% 
were greater than 50% improved. The 
most common complications included 
implantable pulse generator site pain in 


15.9%, implant site pain 19.1%, lead 
migration in 7.0%, and a surgical revision 
rate due to complications of 32.5%. 

In a six-month multicenter trial, SNS 
was Statistically superior to the control 
with respect to the number of daily voids 
(16.9+9.7 to 9.3+45.1), volume per void 
(118+74 to 226+124ml), and degree of 
urgency (rank 2.2+0.6 to 1.6+0.9). 
Improvements in quality of life were dem- 
onstrated and efficacy was sustained at 24 
months. [17] 
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van Kerrebroeck et al. reported on the 
durability of SNS for varying indications in 
a worldwide series of 152 patients with 
good success achieved in all groups. [18] 
For patients with urgency incontinence, 
mean leaking episodes per day decreased 
from 9.6+6.0 to 3.9+3.0 at five years. 


Similarly, in a single-center study in 60 
women, the success rate of SNS was 62% 
at five years and complete continence was 
reported in 15%. [19] Leong assessed long- 
term satisfaction with SNS and reported 
that 90% of 207 patients were satisfied 
with the therapy. [20] 


KEY POINT 


e Sacral nerve stimulation offers patients with OAB a durable treatment option. 


Special populations 


Patients with neurogenic detrusor overac- 
tivity may be managed with SNS. Potential 
relative contraindications include bony 
abnormalities of the spine or sacrum, severe 
functional or mental limitations, and most 
importantly, their future need for Magnetic 
Resonance Imaging. The primary concern 
surrounding MRI is heating of the leads 
and potential for nerve damage. In addition, 
the magnetic field may alter the implant- 
able pulse generator. Recently, non-clinical 
testing demonstrated that the more recent 
sacral nerve stimulators are MRI conditional 
and MRI examinations of the head are safe 
to perform under strict guidelines. [21] 
There are no prospective randomized 
trials evaluating the efficacy and safety of SNS 
in patients with multiple sclerosis, but a 
number of small studies exist. Chartier-Kastler 
et al. evaluated SNS in nine patients with 
spinal disease (myelitis (1), MS (5), spinal 
cord injury (2)) and with a mean follow-up of 


48.6months all patients experienced clinically 
significant improvements in incontinence and 
five were completely dry. [22] 

A number of studies support the use of 
SNS in the treatment of interstitial cystitis 
(IC) and painful bladder syndrome, often 
recommended in combination with other 
treatments. Comiter demonstrated a suc- 
cess rate of the PNE and staged procedure 
in 40 and 87% of IC patients, respectively. 
[23] There was a 73% reduction in mean 
pain scores with a follow-up of 14 months 
and the mean daytime frequency and noc- 
turia improved from 17.1 to 8.7 and 4.5 to 
1.1, respectfully (p<0.01). 

Peters evaluated the benefit of SNS on 
narcotic use in 18 patients who were on 
chronic pain medication prior to implanta- 
tion. [24] At 15.4months the mean in 
morphine dose equivalents decreased from 
81.6 to 52.0mg daily (p=0.015); 22% of 
patients discontinued narcotics and the 
majority reported moderate to marked 
improvement in pain. 


KEY POINT 


e The symptoms of painful bladder syndrome can be effectively managed by sacral nerve stimulation. 
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Patients experiencing OAB symptoms 
following cystourethropexy can be a 
therapeutic challenge, especially when the 
timing of events is questionable or the 
time passed since surgery is lengthy. 
Sherman et al. evaluated the efficacy of 


SNS in the management of 34 patients 
with refractory worsening or de novo 
urgency incontinence following stress 
incontinence surgery; [25] 65% responded 
to test stimulation and successfully under- 
went implantation. 


KEY POINT 


nerve stimulation. 


e Patients with voiding dysfunction following cystourethropexy may be good candidates for sacral 


Humphreys treated 23 pediatric 
patients aged 6 to 15 years with dysfunc- 
tional elimination syndrome with SNS 
and reported on 13.3months follow-up. 
[26] Of 19 patients with urinary inconti- 
nence, 3 (16%) were dry and 12 (68%) 
were improved. Of the 16 patients with 
nocturnal enuresis, 2 (13%) had resolu- 
tion, 9 (56%) improved, and 4 (25%) 
were unchanged. Constipation improved 
in 80% of cases. SNS is not FDA-approved 
in children, perhaps due to lack of data 
on what the sacral lead would do with 
concomitant growth of the spinal cord, 
foramen, and nerve roots. 

Despite its efficacy, SNS is associated 
with a surgical revision rate in up to 30 to 
40% of cases, most commonly for loss of 
efficacy. Lenis et al. reported on the pat- 
terns of hardware-related electrode fail- 
ures in 565 patients between 2003 and 
2011 [27]: 72 (12.7%) experienced a 
total of 86 abnormal impedance events — 
66.2% were open circuits and 32.5% 
were short circuits. Short circuits pre- 
sented earlier and required surgical inter- 
vention more often. 

As may be the case with other ther- 
apies, increased patient preparedness for 
SNS outcomes appears to improve patient 


reported outcomes despite unchanged 
objective measures. In a study of 36 
women, significantly more women in the 
shared appointment group than controls 
felt completely prepared (78.9 vs. 29.4%, 
p=0.003) and completely satisfied (78.9 
vs. 17.6%, p=0.002). [28] 

A recent randomized trial compared 
SNS and medical therapy in 142 patients 
who failed at least one OAB medication. 
[29] At six months, 61% of patients 
receiving SNS achieved success com- 
pared to 42% in the medication group 
(p=0.016). Improvements in quality of 
life were also greater in the SNS patients. 
Device-related adverse events occurred 
in 23.7% of SNS patients and 26% of 
the medication patients experienced an 
adverse event. 

A number of studies have evaluated 
the PNE versus.the tined lead as the test 
stimulation. In 30 women, 15 (88%) of 
the tined lead patients had a successful 
test compared to 6 (46%) of the PNE 
group. [30] In a similar study, 46 and 
69% of the PNE and tined lead patients, 
respectively, were successfully tested. Of 
the 41 PNE failures, 44% successfully 
tested and went on to implant with the 
tined lead. [31] 
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Table 14.1 Motor and sensory responses to stimulation of the sacral nerve plexus. 


Nerve Innervation 


Pelvic floor 


S2 Primary somatic 
contributor of 
pudendal nerve for 
external sphincter, 
leg, foot 


“Clamp”* of 
anal sphincter 


Response 


Sensation 


Contraction of 
base of penis, 
vagina 


Foot/calf/leg 


Leg/hip rotation, plantar 
flexion of entire foot, 
contraction of calf 


S3 Virtually all pelvic “Bellows” ** of 


Plantar flexion of great Pulling in rectum, 


and somatic 
no leg or foot 


autonomic functions perineum toe, occassionally other extending forward 
and striated muscle toes to scrotum or 
(levator ani) labia 

S4 Pelvic autonomic “Bellows” ** No lower extremity Pulling in rectum 


motor stimulation only 


anterior/posterior shortening of the perineal structures. 


<a 


* Clamp: contraction of anal sphincter and, in males, retraction of base of penis. move buttocks aside and look for 


** Bellows: lifting and dropping of pelvic floor. Look for deepening and flattening of buttock groove. 


Source: Medtronic, Inc. Reprinted with permission of Medtronic, Inc. © 2008 


Technique 


The implantation of SNS is a two-stage 
procedure. The initial stage, or test, allows 
one to assess whether implantation of the 
device will be beneficial to the patient. 
Many physicians perform the first stage or 
percutaneous nerve evaluation (PNE) in the 
office by introducing a unilateral or bilateral 
lead into the S3 foramen using local anes- 
thesia. I have the luxury of utilizing fluo- 
roscopy. Others have adopted placement of 
a permanent tined lead in the operating room 
in an attempt to minimize the number of 
false-negatives with the test and false-positive 
results with the second stage. PNE failures 
have the option of attempting the tined lead 
approach. The length of the test varies but 
generally is one week for OAB, and as long as 
three or four weeks for urinary retention. 
Prior to insertion of the tined lead, 
patients receive prophylactic antibiotics 


and appropriate aseptic precautions. In the 
prone position the buttocks are held apart 
with tape retraction and draped to allow 
visualization of a bellows. The feet are left 
uncovered to assess for toe response. 

The S3 foramen is generally located 
approximately 9cm cephalad to the drop off 
of the sacrum and 1 to 2cm lateral to the mid- 
line. Under fluoroscopy, the S3 foramina are 
located in the straight line visualized between 
the two lower aspects of the sacroiliac joint. 

The foramen needle is introduced into 
the S3 foramen and stimulated. Plantar- 
flexion of the great toe and bellows con- 
traction of the perineal area confirm 
correct position. Simultaneous sensory 
responses help optimize lead placement 
(Table 14.1). The foramen needle is then 
removed and replaced with the white 
introducer sheath. The lead is introduced 
through the sheath exposing the four elec- 
trodes. Typically electrodes 2 and 3 straddle 
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Figure 14.1 The lead is properly located in the S3 foramen noted in the anterior/posterior (a) and lateral 


(b) x-ray views. 


the ventral surface of the 
(Figure 14.1a/1b). 

A 3-4cm incision is made in the upper 
buttock below the beltline and carried down 
through subcutaneous tissue for a few centi- 
meters. The lead is passed from medial to 
lateral with the tunneling device where it is 
connected to the extension wire. The 
tunneling device is then used to transpose 
the extension wire from the medial aspect of 
the incision to an exit point on the contralat- 
eral side of the back. A sterile dressing is 
applied and the extension wire is connected 
to the external pulse generator. A greater 
than 50% improvement in lower urinary 
tract symptoms is considered a success and 
the patient is a good candidate for stage II. 

During stage II the implantable pulse 
generator (IPG) is inserted. In the prone 
position the previously made buttock inci- 
sion is opened and extended for a few centi- 
meters. The subcutaneous pocket is enlarged 
to accommodate the IPG and to allow for a 
tension free closure. The extension wire is 
detached and removed, and the lead is 


sacrum 


secured to the generator. Prior to closure 

electrode impedances are checked. 

Some simple suggestions may make the 
test stimulation and subsequent implanta- 
tion more successful: 

1 Enter the S3 foramen as medial as pos- 
sible, orienting the needle in a medial to 
lateral direction. This helps ensure that 
the lead and its four electrodes are 
parallel to the nerve achieving better 
contact with all four positions. 

2 Be diligent when in S3 to get the best 
responses possible. Change the angle, 
axis, or depth of the foramen needle a 
number of times until you get preferably 
a good response in three or four elec- 
trodes. Responses at low amplitude (<3 
amplitudes) are highly satisfactory. 

3 Motor responses are adequate without 
sensory. When absent, raise the conscious- 
ness level of the patient and confirm S3 
by utilizing sensory. 

4 The more anterior the sensory responses 
the better — for instance, the vagina in 
women and the scrotum in men. Avoid 
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penile stimulation since it may limit 
subsequent amplitude 
being too irritating. 

5 Avoid injection of local anesthesia into 
the foramen as 
responses to stimulation. 

6 It’s not the battery! Changing the 
external generator battery in the hope of 
correcting a non-response is rarely the 
solution. Reposition the foramen needle. 


increases by 


it may attenuate 


7 Do not be overly concerned if the side 
used for the tined lead is different from 
that of the PNE. Use the side that intra- 
operatively provides the best responses. 

8 Work with a great Medtronic represen- 
tative. I have the luxury of working with 
a fabulous representative. He is superb 
in the operating room and his assistance 
in trouble-shooting and patient care is 
outstanding. Hats off to Glen. 


KEY POINT 


e Be diligent in locating the best S3 response and work with a great manufacturer representative. 


Troubleshooting sacral nerve 
stimulation 


A number of adverse events have been 
reported with SNS. It is important to be 
able to troubleshoot a patient who presents 


with a decreased or absent SNS response 
who was doing well previously or one 
complaining of another problem. Testing 
impedances of the electrodes is paramount 
to the process. 


KEY POINT 


e Effective troubleshooting helps to maximize the success of sacral nerve stimulation. 


Impedance describes the resistance to 
the flow of electrons through a circuit. 
Typically normal SNS impedance measures 
between 400-1500 ohms. An open circuit 
is one in which there is no flow as a result 
of too much resistance. This occurs with a 
broken lead and the impedance generally 
exceeds 4000 ohms. A short circuit is one 
with too little resistance resulting in exces- 
sive current flow, diminishing battery life. 
Short circuits typically have measured 
impedances of <50 ohms. The circuit 
begins in the IPG, traveling through the 
lead wires and electrodes to the patient’s 


tissue, and back through either another 
electrode tracing the same path (bipolar), 
or directly to the IPG case (unipolar). 

The most common causes of open cir- 
cuits include a fractured lead or extension 
wire and loose connections. Patients gener- 
ally feel no stimulation since there is no 
current flow. Unipolar measurements are 
most useful in diagnosing open circuits 
because they isolate each individual elec- 
trode. Crushed wires touching each other 
or fluid intrusion into connectors may cause 
short circuits. Patients often experience 
stimulation over the IPG or no stimulation. 
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Bipolar measurements are best for identi- 
fying shorts between two wires. 

Impedance measurements are recom- 
mended at the time of implantation, at 
the first programming visit, and any time 
there is a problem. Each electrode is 
interrogated for its intactness allowing a 
skilled programmer to program around 
the problem, maintaining the device’s 
function. 

Patients presenting with discomfort 
over the IPG either are experiencing a 
pocket related problem or an output 
related one. Pocket related events include 
infection, a device too close to a bony 
prominence or beltline, and a pocket too 
tight or too loose. Pain and tenderness 
with redness or incisional drainage is typ- 
ical of infection. Antibiotics may tempo- 
rarily but the 
recommended management is explanta- 
tion of the entire device. Output related 
problems resulting in IPG pain include 
increased patient sensitivity to unipolar 
stimulation or current leaks. 

Switching the IPG on and off helps dif- 
ferentiate between device and pocket 
related problems. Persistent discomfort 
while off rules out an output related one. 
Some patients are sensitive to the unipolar 
mode since the IPG is the positive pole and 
switching to bipolar eliminates pain in 
some cases. When short circuits are located 
the device can often be reprogrammed to 
use different electrodes, alleviating the 
problem. If reprogramming fails, revision 
may be necessary. 


improve symptoms 


Commonly, 
recurrent 


patients present with 
symptoms associated with 
either perceived stimulation in the wrong 
location or absent stimulation. Unipolar 
interrogation allows one to map out 
where the patient feels the stimulation. 
Programming bipolar combinations and 
increasing the pulse width can also be 
beneficial. When reprogramming fails, 
revision for lead 
relocation to the other side may be 
necessary. In those experiencing no sen- 
sation, remaining battery life and inad- 
vertent on-off is assessed. Impedances 
are next checked for the presence of 
open and short circuits. Similarly, when 
programming around the malfunctioning 
lead cannot be achieved revision is 
recommended. 


repositioning or 


Maximizing therapy with a 
treatment algorithm 


In order to maximize efficacy and to help 
millions of OAB patients we need to embrace 
and liberally offer all three neuromodulation 
therapies to them. In order to do so I recom- 
mend the adoption of an OAB treatment 
algorithm in order to drive efficacy. Let me 
present mine to you (Figure 14.2). 

My patients are initially treated with a 
combination of and 
behavioral therapy. Nearly all patients are 
started on behavioral treatments including 
fluid modifications, bladder retraining, and 
pelvic floor rehabilitation. Many patients 


antimuscarinics 


KEY POINT 


e A treatment algorithm for OAB helps drive efficacy. 
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OAB Algorithm of Care 


e Behavioral 
=e Physical 
therapy 


Figure 14.2 OAB algorithm of care. 


are offered appointments with our in-house 
physical therapy team who are experts in 
treating patients with voiding dysfunction. 

When patients fail two (and perhaps 
three) antimuscarinics, they are offered 
myrbetriq. We have had tremendous suc- 
cess treating ROAB with myrbetriq either 
as monotherapy or in combination with 
antimusarinics. In milder cases I tend to 
switch to myrbetriq and in the more severe 
partial responding population I often 
add the Beta-3 agent. The efficacy and 
tolerability of myrbetriq has been such that 
I would not be surprised if it becomes first- 
line therapy for many urologists prior to 
starting antimuscarinics. 

When medical and behavioral therapy 
does not reach the patient’s treatment goal, 
I offer nearly all ROAB patients neuro- 
modulation. Each of the three treatments 
have their inherent advantages and disad- 
vantages and in my opinion it should be 
the patient’s choice of which one best suits 
them, not mine. Utilizing a common sense 


e Mono 


e First-line 


approach, many elderly patients with mul- 
tiple co-morbidities are only offered PTNS. 

Of course ROAB patients who have not 
exhausted all of the available antimusca- 
rinics have the option of trying a fourth or 
fifth medication and in rare cases this may 
be beneficial. 

Patients declining neuromodulation 
and who have exhausted all pharmaceuti- 
cals unfortunately have reached the end of 
my treatment algorithm. Those who fail a 
neuromodulation therapy are usually re- 
offered the other two options, depending 
on patient factors. In addition, partial 
responders to neuromodulation may be 
restarted on an OAB agent that has helped 
in the past to help augment their therapy. 

The algorithm is simple and in my 
opinion helps maximize efficacy. The 
moment the pen or keypad orders an 
OAB agent the patient is on a path to be 
offered neuromodulation unless they 
reach their treatment goal with conserva- 


tive therapies. Patients are educated 
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about the process and that the treatment 
options are their choice, not mine. I find it 
equally rewarding to help patients with 
medication, behavioral therapy, neuro- 
modulation, or with a combination of 
treatments. I strongly encourage my col- 
leagues to adopt such an algorithm and no 
longer accept the limited care many of our 


patients are currently receiving. 
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Posterior tibial nerve stimulation 
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KEY POINTS 


e The posterior tibial nerve originates in the pelvis. 


e Overactive Bladder Syndrome (OAB) is an innervation issue. 


e Correction of the innervation system may correct OAB complaints. 


e Stimulating the posterior tibial nerve can correct OAB symptoms. 


e Good quality studies show the positive and clinical relevant effect in OAB. 


Introduction 


Neuromodulation of the lower urinary 
tract is extensively applied in patients with 
Overactive Bladder (OAB) complaints. The 
best known and best documented technique 
is sacral nerve stimulation. Posterior Tibial 
Nerve Stimulation (PTNS) is the second 
most extensively documented way of 
nerve stimulation. The exploration of the 
best technique of electrical stimulation of 
the lower urinary, including sex organs is 
guided by three principles: 
1 Stimulation should be done via the least 
invasive way. 
For this reason transcutaneous stimu- 
lation with surface electrodes or stim- 
ulation probes would suit best. 


2 Stimulation should be in an area that is 
acceptable and not embarrassing for 
patients. 

This makes sacral dermatomes or legs 
appropriate areas for stimulation. 

3 Stimulation should be practical to apply. 
Continuous stimulation is therefore less 
ideal and discontinuous stimulation is 
easier than continuous stimulation. 


Ways of peripheral 
neuromodulation 

The nerves that innervate the lower 
urinary tract originate from the lumbar, 
sacral, and coccygeal segmental nerves 
from L2 to S4 (Figure 15.1). Afferent and 


Overactive Bladder: Practical Management, First Edition. Edited by Jacques Corcos, Scott MacDiarmid 


and John Heesakkers. 


© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd. 


154 


Posterior tibial nerve stimulation 155 


Subcostal 


lliohypogastric 


llioinguinal 


Lat. femoral cutaneous 


Femoral 


Genito- 
femoral 


Sup. gluteal 


Inf. gluteal 


Common 
Sciatic peroneal 


Tibial 


a i 


L2 
L3 53 
T E 
an 
J 
L4 
L5 
S1 
T5 
3% 
S2 no 
s3 
S4 
Pudendal Bau 
TE 
$5 irsi 
rw) 
SS Co 1 


Figure 15.1 Organization of the lower lumbar, sacral, and coccygeal nerve plexus, the merger of the various 
roots and the most important nerves that branch from the merged nerve plexus. The tibial nerve has it’s 
offspring in the sacral roots of mainly S2 and S3. Source: Basic Human Anatomy: A Regional Study of 
Human Structure. Source: http://www.dartmouth.edu/~humananatomy/figures/chapter_30/30-6.HTM#top. 
Reproduced with permission of Ronan O’Rahilly, MD. (For color detail, please see color plate section). 


efferent fibers from these segmental sacral 
roots merge in the periphery outside the 
spinal cord. After merging, the nerve fibers 
continue as combined nerves that have lost 
their segmental innervation pattern. The 
sciatic nerve is composed of fibers from L4 
to S3. The posterior tibial nerve is a part of 
the sciatic nerve. Peripheral neuromodula- 


tion of the lower urinary tract has been 
attempted via stimulation of one of the 
involved nerves, such as the dorsal genital 
nerve or the posterior tibial nerve. It can 
also be done by the overlying skin or by 
stimulating the dermatomes that are inner- 
vated by the same nerve as the ones that 
innervate the lower urinary tract. 
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History 


It is an ancient Chinese custom to perform 
acupuncture on the lower leg. With this 
technique, developed in China over 5000 
years ago, the “energetic harmony” of the 
urogenital tract might be restored by way 
of stimulation of specific points. Wilhelmus 
ten Rhyne (1647-1700) was a Dutch phy- 
sician who was employed by the Dutch 
East India Company in 1673, where he 
encountered eastern traditional medicine 
(Figure 15.2). In 1683, he published a book 
entitled Dissertatio de Arthritide: Mantissa 
Schematica: De Acupunctura: Et Orationes Tres. 
He wrote about the art of needling for treat- 
ing diseases, including those of the lower 
urinary tract. He called this technique 
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Figure 15.2 Wilhelmus ten Rhyne, the first 
Western physician to describe the ancient Chinese 
technique of acupuncture. Source: http://en. 
wikipedia.org/wiki/Willem_ten_Rhijne#. 


“Acupunctura” and it was the first Western 
detailed study on that matter. 

One of the most commonly used acu- 
puncture points used for gynecological, 
fertility, digestive, urinary, sexual, and 
emotional disorders is the SanYinJiao 
point, or Spleen 6. It can be translated as 
“Three Yin Intersection,” because it is the 
meeting point of the three yin channels 
of the leg: Spleen, Liver, and Kidney. 
SanYinJiao, SP-6 or Spleen 6 is located on 
the medial side of the lower leg, about 
6-8cm cephalad to the prominence of the 
medial malleolus. It lies close to the medial 
crest of the tibia. The location of the SP-6 
acupuncture point and the organs affected 
by this kind of acupuncture has remarkable 
similarities with posterior tibial nerve 
stimulation. When electrical current is 
applied to the acupuncture needle the 
technique is called electrical acupuncture. 
Especially when electroacupuncture is per- 
formed with similar stimulation parameters 
(2-15Hz,10-20mA), it is likely that nerve 
stimulation is the effective treatment. Similar 
effects as with tibial nerve stimulation there- 
fore might be expected on the pelvic organs, 
as well as on the spleen and on the liver. 


Posterior tibial nerve 
stimulation 


The fundamental feature of neuromodula- 
tion is that nerves are stimulated and not 
energy pathways or other routes that do 
not have any anatomical substrate. Nerve 
stimulation ideally has an efferent motor 
effect and an afferent sensory effect. Stimu- 
lation of the posterior tibial nerve results in 
great toe flexion or fanning of the toes. 
The sensory effect is a radiation tickling 
sensation of the foot sole. McGuire was the 
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first to explore tibial nerve stimulation in 
1983. [2] He performed transcutaneous 
posterior tibial nerve stimulation in 15 
patients with detrusor overactivity because 
of a neurological disease. 

Inspired by this previous work by 
McGuire, Marshall Stoller started research 
on percutaneous tibial nerve stimulation 
(PTNS) as neuromodulative treatment in 
lower urinary tract dysfunction. After 
initial testing in pig-tailed monkeys, [3] 
PTNS was later investigated in humans 
with promising results. This new initiative 
was the start of the worldwide development 
and exploration of PTNS. 


Historic overview 

5000 BC Acupuncture of lower leg in 
China 

Wilhelmus ten Rhyne writes 
Dissertatio de Arthritide: Mantissa 
Schematica: De Acupunctura: Et 
Orationes Tres 

Ed McGuire performs trans- 
cutaneous posterior tibial 
nerve stimulation 

tibial nerve 
Marshall 


1683 


1983 


1987 Percutaneous 
stimulation by 
Stoller 

Clinical introduction of PTNS 
First publication on tibial 
nerve implant by van der Pal 
First randomized controlled 


trial by Peters 


1999 
2006 


2009 


Technique 

PTNS is performed in patients placed in the 
supine position with the medial malleolus 
pointing upwards. A 34 gauge stainless 
steel needle is inserted approximately 3 to 
4cm, about 3 fingerbreadths, cephalad to 
the medial malleolus between the posterior 


margin of the tibia and soleus muscle. A 
stick-on electrode is placed on the same leg 
near the arch of the foot. The needle and 
electrode are connected to a low voltage 
(9 volts) stimulator (Urgent PC®, Uroplasty 
Inc, Minnetonka, MN) with an adjustable 
pulse intensity of 0 to 10mA, a fixed pulse 
width of 200 microseconds, and a frequency 
of 20Hz. The amplitude is slowly increased 
until the large toe starts to curl or toes start 
to fan. If the large toe does not curl or pain 
occurs near the insertion site, the stimula- 
tion device is switched off and the procedure 
is repeated. If the large toe curls or toes start 
to fan, stimulation is applied at an intensity 
well tolerated by the patient. If necessary 
the amplitude can be increased during the 
session. In general, patients undergo 12 
outpatient treatment sessions, each lasting 
30 minutes, one to three times per week. If 
a good response occurs the patient is offered 
chronic treatment. [4] 


Working mechanism 


At the moment the working mechanism 
of neuromodulation, including PTNS, is still 
not completely understood. However, it is 
postulated that symptoms of OAB including 
incontinence may represent an alteration 
of the pelvic neuromuscular environment 
via changes in the inhibitory and excitatory 
signals of the voiding reflex. It is thought 
that electrical stimulation of the sacral nerve 
roots modulates the afferent neural reflex 
pathways between the spinal cord or pons 
and pelvic organs. As the ascending sensory 
pathway inputs and guarding reflex pathway 
are modulated, storage may be facilitated. 
Blok et al. looked at the effects of acute 
and chronic sacral neurostimulation on PET 
images of the brain. [5] In the acute phase, 
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brain areas are involved that have to do with 
sensorimotor learning. These are the areas 
located in the right post-central gyrus, the 
left parietal cortex, the medial prefrontal 
cortex, and the right insula. Furthermore, 
there was activation in the ventromedial 
orbitofrontal and decreased 
activation in the left medial cerebellum. 

However, chronic sacral neurostimula- 
tion decreased activity in the cerebellum, 
midbrain, and adjacent midline thalamus 
and limbic cortical areas previously impli- 
cated in the control of micturition and 
urinary storage. They postulated that neu- 
romodulation modulates predominantly 
areas involved in sensorimotor learning, 
which might become less active during the 
course of chronic SN. 

In analogy to sacral neuromodulation, 
central effects have been studied in PTNS. 
Finazzi Agro et al. studied the effect of PINS 
and sham stimulation on Short Latency 
somatosensory evoked potentials (SL-SEP) 
and long latency somatosensory evoked 
potentials (LL-SEP). [6] Somatosensory 
evoked potentials (SEP) reflect information 
processing in the brain after stimulation 
of the peripheral somatosensory system. 
In particular, LL-SEP seems to provide 
information on the function of somatosen- 
sory associative cortical structures. LL-SEP 
changes imply that a long time after stimu- 
lation (one day after treatment) changes in 
SEP occur. They showed that the amplitude 
of LL-SEP changes of P80 and P100 waves 
in the active PTNS group was significantly 
higher as compared to the placebo group. 

The recorded P80 and P100 amplitude 
increase might reflect long-term modifi- 
cations in synaptic efficiency through the 
somatosensory pathway induced by repet- 
itive peripheral nerve stimulation. Long- 
term potentiation (LTP) and depression 


cortex, 


(LTD) of excitatory synaptic transmission 
can contribute to experience-dependent 
modifications of brain function, including 
learning and memory. Thus, a plastic reor- 
ganization of the cortical network triggered 
by peripheral neuromodulation can be 
hypothesized as a mechanism of action of 
PTNS. They concluded that PTNS effects are 
mediated by suprasacral centers of stim- 
ulus elaboration involving finally cortical 
associative areas. This is in line with the 
theories about the working mechanism of 
sacral nerve stimulation. 

If one considers applying PTNS for 
improvement of clinical conditions one has 
to accept that: 

e It is possible to positively influence the 
innervation system of the lower urinary 
tract by stimulation of the tibial nerve at 
the ankle. 

e There is no direct sensation in the 
bladder area nor motor action of muscles 
in or adjacent to the pelvic floor during 
tibial nerve stimulation. 

e Discontinuous stimulation during a lim- 
ited period of time once to thrice a week 
is sufficient to have a beneficial effect. 


Clinical results 


Since the introduction of PTNS in 1999, 
several studies have been performed eval- 
uating its effectiveness in especially 
patients with OAB dry and OAB wet and 
non-obstructive urinary retention. 

Almost all studies on overactive bladder 
used micturition diaries and general and/or 
disease specific quality of life question- 
naires to measure the effects of PINS. [7 ,8] 
Subjective success was found in 59-64% of 
patients. [7, 8] Objective success, defined 
most of the time as more than 50% decrease 
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in incontinence episodes and/or micturi- 
tion frequency, was found in 47-56% of 
patients. [8, 9] 

Urodynamic studies especially measured 
by cystometry may provide more objective 
data on the efficacy of percutaneous tibial 
nerve stimulation. When acute PTNS is 
performed as soon as detrusor overactivity 
is observed during cystometry, the suppres- 
sive effects in neurological patients are 
contradicting. [10, 11] 

Frequency/volume chart data and 
quality of life scores improved significantly. 
Of the participants with pre- and post- 
treatment urodynamic data, only a few 
showed complete abolishment of detrusor 
overactivity. [12] Nevertheless, increments 
in cystometric bladder capacity and in 
volume at DI were significant. Subjects 
without detrusor overactivity at baseline 
appeared 1.7 times more prone to respond 
to PTNS. The more the bladder overactivity 
was pronounced, the less these patients 
were found to respond to PTNS. 

Once a positive treatment outcome has 
been obtained with PTNS, a maintenance 
program is needed to avoid recurrence 
of complaints. One study evaluated the 
necessity of maintenance therapy by means 
of a six-week pause of therapy in success- 
fully treated PTNS patients, leading to 
over 50% worsening of main symptoms in 
almost all patients. Restarting PTNS after- 
wards improved complaints to the level 
present before the break in treatment. [13] 

One of the most important studies on 
PTNS was performed by Peters et al. [14] 
The so-called Study of UrgentPC versus 
Sham Effectiveness in Treatment of Over- 
active Bladder Symptoms (SUmiT) was 
a multicenter, double-blind, randomized, 
controlled trial comparing the efficacy of 
percutaneous tibial nerve stimulation to 


sham through 12 weeks of therapy. The 
breakthrough was that a validated sham 
arm was developed and used as a compar- 
ator. This was the first time that the net 
effect apart from the placebo effect could 
be measured. In two groups of 110 patients 
the improvement in global response assess- 
ment (GRA), voiding diary parameters, 
and overactive bladder and quality of life 
questionnaires was evaluated. The GRA is 
a self-reported seven-point scale that shows 
whether an individual perceives a change 
due to the treatment. Individuals who noted 
a moderate or marked improvement were 
regarded as successfully treated patients. 
Voiding diary parameters after 12 weeks 
of therapy showed percutaneous tibial 
nerve stimulation subjects had statistically 
significant improvements in frequency, 
nighttime voids, voids with moderate to 
severe urgency, and urinary urge inconti- 
nence episodes compared to sham. The GRA 
in the PTNS subjects showed 55% reporting 
moderately or markedly improved responses 
compared to 21% in the sham group. 

Another sham controlled study was 
performed by Finazzi et al. with similar 
results. [[15]] 

PTNS implies that patients have to have 
repeat treatments. The tapering studies 
show that once every two or three weeks is 
sufficient in those patients that benefit 
from PTNS. Another major question is 
what the long-term success of PTNS is. 
Peters et al. followed 50 participants from 
the SUmiT Trial who met the primary 
effectiveness endpoint after 12-weekly 
PTNS. [16] These patients were prescribed 
a fixed-schedule 14-week tapering protocol 
followed by a personal treatment plan 
aimed at sustaining OAB symptom improve- 
ment. Of this group, 29 patients com- 
pleted the 36-month protocol and received 
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a median of 1.1 treatments per month. 
At three years, 77% maintained moderate 
or marked improvement in OAB symptoms. 
Compared to baseline, median voids per 
day decreased from 12.0 to 8.7, and urge 
incontinence episodes per day decreased 
from 3.3 to 0.3. All quality of life parame- 
ters remained markedly improved from 
baseline through three years. 


e PTNS improves OAB symptoms based 
on voiding diary parameters in 
47-56% of patients. 

e Subjective improvement is obtained 
in 60% of patients. 

e PTNS increases cystometric capacity 
and delays the onset of, but does not 
abolish, detrusor overactivity. 

e Maintenance therapy is necessary to 
sustain the effect of therapy. 

e PTNS improved bladder symptoms 
measured with GRA in 55% of patients 
as compared to 21% in a sham treated 
group. 

e After 3 years, 77% of patients respond- 
ing to initial therapy experienced 
moderate to marked improvement of 
OAB symptoms. 

e A pilot study implies that the Urgent 
SQ implant appears to be a safe and 
effective treatment for OAB. 


Prognostic factors 
for PTNS 


Little data are available about prognostic 
factors for success or failure of PTNS. Studies 
on urodynamic changes by PTNS suggest 
that in the case of overactive bladder 
without detrusor overactivity, patients are 
more prone to a successful treatment 


outcome. [12] Clinical parameters for 
predicting SNS outcome were also tested in 
132 patients treated with PTNS, but showed 
no significance. [17] Also, a history of 
sexual and/or physical abuse did not alter 
PINS treatment outcome. However, a low 
total score at baseline in the SF-36 general 
quality of life questionnaire proved to be 
predictive for not obtaining objective nor 
subjective success. Especially patients with 
a low SF-36 Mental Component Summary 
were prone to fail. These patients also 
scored worse on disease-specific quality 
of life questionnaires, although they had 
no different disease severity compared to 
patients with good mental health. 

e Subjects with mental problems don’t 

seem to be ideal candidates for PINS. 


Urgent-SQ; the 
PTNS implant 


Rather quickly after the modern clinical 
development of PTNS, it was recognized 
that the repeated return to the clinic, once 
weekly or once bi- or triweekly, would finally 
lead to a logistic problem, with patients 
returning to the clinic approximately one 
to two times per month. If all successfully 
treated patients returned every week, this 
would lead to a jammed outpatient clinic. 
More importantly, the travel burden for 
patients would be high and PTNS treatment 
on-demand would not be possible. Therefore 
an implant was developed that was placed 
at the tibial nerve at the ankle that could 
be operated via radiofrequency activation 
with an external stimulator: the Urgent-SQ 
(Figures 15.3 and 15.4). 

The pioneering work was done by 
van der Pal et al. [18] They looked at 
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Figure 15.3 The Urgent-SQ implant consisting of an 
internal electromagnetic pulse receiver, the body 
with two leads, and monopolar platinum electrodes. 
(For color detail, please see color plate section). 


Figure 15.4 Site of implantation during surgery. 
The two electrodes are placed on two opposite 
sides of the tibial nerve just proximal to the 
medial malleolus. (For color detail, please see 
color plate section). 


eight patients with refractory overactive 
bladder who were treated with the 
Urgent-SQ. After implanting the device, the 
patients could operate the implant by means 
of an external stimulator. Patients were 
evaluated at 3, 6, and 12 months follow- 
up. The primary objective was>=50% 
reduction in the number of incontinence 


episodes and/or voids on bladder diary. 
At 3, 6, and 12 months, respectively five, 
six, and four patients met the primary 
objective. At 3- and 6-month follow-up, 
voiding and quality of life parameters 
had significantly improved. Urinary tract 
infection, temporary walking difficulties, 
and spontaneous radiating sensations 
were reported as adverse 

events and no local infection, erosion, 
or dislocation. 

Janssen et al. reported about the long- 
term efficacy and safety of these patients 
in an open-label study. [19] The seven 
patients who still had the implant were 
contacted after nine years and evaluated 
with an interview, physical examination, 
ankle x-ray, voiding diaries, and completed 
questionnaires about adverse 
performance, efficacy, safety, and quality 
of life with the validated I-QoL. Results 
showed that six of the seven patients still 
had sensory and loco-motor responses on 
stimulation at nine-year follow-up. Four 
patients who had a successful treatment 
response at one year still used the device. 
The implants were intact with no migration 
and/or displacement. Two patients experi- 
enced minor discomfort. The conclusion 
was that after nine years the Urgent-SQ 
implant was a safe therapy for OAB. 


events, 


Future perspectives 


Percutaneous tibial nerve stimulation is a 
minimally invasive, easily accessible neu- 
romodulation technique and has proven 
its benefit in overactive bladder and non- 
obstructive urinary retention. Regretfully, 
in chronic pelvic pain the effects seem to 
be only modest. At this moment quite 
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some “circumstantial” evidence exists for 
its efficacy based on animal studies and 
clinical studies 
parameters. In the case that PTNS becomes 
a more established treatment modality, no 
doubt other indications will be explored. 
Subjects for further investigation of areas 
that have already some clinical efficacy 
data are children, neurologic patients, and 
patients with fecal incontinence. 

Almost all research done on PTNS used 
the same stimulation protocol: PTNS was 
performed in 10 to 12 weekly sessions, 
each lasting for 30 minutes. Stimulation 
parameters were preset and rather fixed 
and every time only one needle was 
inserted. It may be well anticipated that 
changes in treatment scheme and/or stim- 
ulation parameters could lead to a differ- 
ent, possibly even better, outcome. The 
same goes for bilateral instead of unilateral 
therapy. It is evident that an accelerated 
stimulation scheme has the advantage of 
clinical results faster. [20] 
Regarding stimulation parameters, it is 
rather widely agreed that pulse intensity in 
neuromodulation should be set at a well 
tolerable level. As it is suggested that fre- 
quency is optimal at more unpleasantly 
low levels (5-6Hz), [21] studies on PTNS 
with pulse frequencies below 20Hz may 
produce interesting results. The same goes 
for changes in pulse duration, in PTNS the 
standard setting is 0.2 ms. 

The recent revitalization of the Urgent- 
SQ gives other possibilities. Efforts should 
be undertaken to refine the pre-implant 
testing phase in order to decrease the 
amount of unnecessarily treated patients. 
Hopefully this will eventually lead to the 
ideal implant: an effective and safe, easily 
controllable device that is operated by 
patients themselves in flexible, individual- 
ized treatment schemes. 


including urodynamic 


achieving 
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CHAPTER 16 


Botulinum toxin for the overactive 
bladder 


Apostolos Apostolidis 
Aristotle University of Thessaloniki, Thessaloniki, Greece 


KEY POINTS 


Botulinum neurotoxin type A (BoNT/A), delivered via intradetrusor injections, is now an approved 
second-line treatment for incontinence associated with Neurogenic Detrusor Overactivity (NDO) 
and for OAB symptoms in adults. 


ts mechanism of action when injected in the bladder is still incompletely understood, but it 
appears to affect multiple target molecules in both the afferent and efferent bladder pathways, 
while central effects are under investigation. 


ts efficacy in refractory incontinence and other symptoms associated with either neurogenic or 
idiopathic detrusor overactivity is supported by a large body of high level evidence. These results 
come mostly from single-injection studies. 


Further to medical parameters of clinical efficacy, BoNT/A significantly improves patients’ quality 
of life. 


The vast majority of high level data concern onabotulinumtoxinA, which has been more compre- 
hensively studied than abobotulinumtoxinA. 


Sustained efficacy seems to be achieved with repeat injections in those choosing to be retreated, 
at least in the neurogenic patient population, but the level of evidence remains low. Data 

on duration of efficacy, treatment persistence/discontinuation, and predictors of response to 
treatment are very limited. 


There is great heterogeneity in the literature on injection techniques, doses, and dilutions used 
for either of the two most used formulations. Efforts are being directed to standardization of the 
injection technique following the registration trials. 


The treatment is considered to be safe overall with predictable and reversible side-effects. Urinary 
tract infections are the most common adverse event in the IDO/OAB population. Reduction of 
the “predictable” side-effect of incomplete bladder emptying and need for post-treatment self- 
catheterizations was considered when the approved dose of 100 U onabotulinuimtoxinA was 
chosen for the IDO/OAB population. 


Results on the cost-effectiveness of BoNT/A when compared to other second-line OAB treat- 
ments have so far been inconclusive. 


Overactive Bladder: Practical Management, First Edition. Edited by Jacques Corcos, Scott MacDiarmid 


and John Heesakkers. 
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd. 
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Introduction: A new second- 
line treatment for 
incontinence 


Botulinum neurotoxin type A (BONT/A), 
delivered via intradetrusor injections, is 
now an approved second-line treatment 
for incontinence associated with 
Neurogenic Detrusor Overactivity (NDO) 
and for OAB symptoms in adults. In 2011, 
the US FDA granted approval for the use of 
the (BOTOX™) 
format for urinary incontinence associated 
with NDO in adult neurological patients 
with inadequate response to or reduced 
tolerance of an anticholinergic medication. 
As the registration trials had included only 
adult patients with stable spinal cord 
injury (SCI) below the cervical level or 
with multiple sclerosis, the license cur- 


onabotulinumtoxinA 


rently stands mainly for these groups of 
neurological patients. The approval expanded 
in January 2013 to include treatment 


of adults with OAB who cannot use or do 
not adequately respond to anticholinergics. 
Similar approvals have been granted 
or awaited in a number of European 
countries. 


Practical facts about BoNT/A 


Botulinum neurotoxin (BONT), a neuro- 
toxin produced by Clostridium botulinum, is 
found in seven serotypes (A-G), of which 
BoNT-A (Figure 16.1) has the longest 
duration of action and is the most 
commonly used in clinical practice, hav- 
ing been licensed for a number of 
indications (strabismus, blepharospasm, 
cervical dystonia, hyperhidrosis, NDO- 
incontinence, OAB). BoNT/A is available 
in various commercial forms, 
Botox® (Allergan Pharmaceuticals, Irvine, 
CA, USA), Dysport® (Ipsen Biopharm 
Ltd, Slough, UK), Xeomin®, (Merz Pharma 
GmbH & Co. KGaA, Frankfurt, Germany), 


namely 


Figure 16.1 BoNT/A consists of a heavy and a light chain linked by a disulphide bond. Source: Lacy, 
D.B., Tepp, W., Cohen, A.C., DasGupta, B.R., Stevens, R.C. (PDB-Bild 3BTA) [CC-BY-SA-2.0-de 
(http://creativecommons.org/licenses/by-sa/2.0/de/deed.en)], via Wikimedia Commons. (For color 


detail, please see color plate section). 
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Prosigne (Lanzhou Biological Products, 
Lanzhou, China), and PurTox (Mentor 
Corporation, Madison, WI, USA). Although 
all products are derivatives of the 
same serotype, differences in isolation, 
extraction, purification, and formulation 
protocols used by the various companies 
result in a variance in the clinical 
characteristics of the brands. As a 
consequence the doses are not inter- 
changeable between brands and to under- 
line this, non-proprietary names have 
been recently introduced (onabotulinum- 
toxinA for Botox®, abobotulinumtoxinA 
for Dysport®, and incobotulinumtoxinA 
for Xeomin®). In addition, clinical dose 
conversion studies for the lower urinary 
tract do not exist and the proposed dose 
equivalences (1U Botox® equivalent to 1U 
Xeomin® and 3U Dysport®) do not neces- 
sarily apply in the LUT. 


How does BONT/A act when 
injected in the bladder? 


BoNT/A consists of a heavy and a light 
chain linked by a disulphide bond 
(Figure 16.1). Its action is exerted via 
binding to its receptor synaptic vesicle 
protein 2 (SV2), [1] and cleavage of the 
substrate for its action, the Synaptosomal 
Associated Protein with a molecular weight 
of 25kD (SNAP25). [2] The latter is part of 
the SNARE (soluble N-ethylmaleimidesen- 
sitive fusion attachment protein receptor) 
complex which also includes the proteins 
synaptobrevin (vesicle associated mem- 
brane protein -VAMP) and syntaxin. 
Both SV2 and SNAP25 have been identi- 
fied in abundance in nerve fibers in the 
detrusor and the suburothelium. The high- 


est density of the two proteins was found 
in parasympathetic nerves, but sympathetic 
and sensory fibers also express SV2 and 
SNAP25. [3] 

BoNT/A was originally applied in the 
human bladder aiming for an ultrapo- 
tent anticholinergic effect and a transient 
detrusor paralysis, 
acknowledged mechanism of action in 
skeletal muscles involved blocking acetyl- 
choline release from synaptic vesicles in 
the synaptic cleft. The toxin is known to 
bind to SV2 by the heavy chain before 
being internalized by the nerve terminal. 
The light chain then passes into the 
cytosol where it inactivates the SNARE 
complex via cleavage of SNAP25. This dis- 
rupts the mechanism of fusion of synaptic 
vesicles to the cytoplasmic membrane 
which is 
mitter release. The effect is reversible, as 
the parental nerve terminal gradually 
develops lateral axonal sprouts, which 
eventually regress as the terminal regains 
functionality. [4] 

Current points 
towards an alternative mechanism of action 
in the bladder, heavily involving the afferent 
bladder pathways [5] (Figure 16.2). By con- 
trast, a reversible reduction of the release of 
ACh from the detrusor muscle has, to date, 
been demonstrated only in animal in vitro 
conditions simulating parasympathetic 
overactivity. [6] The reduction in voiding 
detrusor pressures and/or detrusor under- 
activity shown in several clinical trials sug- 
gests an anticholinergic effect on the human 
detrusor which may be associated with the 
decrease in post-treatment density of mus- 
carinic receptors found in a recent human 
study. [7] This study also identified a 
decrease in purinergic detrusor receptors. 


muscle since its 


neurotrans- 


necessary for 


evidence, however, 
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Figure 16.2 BoNT/A has been proposed to affect at multiple levels the complex system of interactions between 
the release of neurotransmitters and actions on receptors located on the bladder pathways which are thought to 
be involved in mechanosensation. This cartoon representation of the human bladder wall with known or 
proposed location of receptors and sites of release of neuropeptides and growth factors has been updated from 
the relevant Figure in reference [5]. Abbreviations: bl=basal lamina of urothelium, mf=myofibroblast layer, 
det= detrusor muscle. All connections identified by arrows (see reference [5] for arrow identification) are 
thought to be upregulated in detrusor overactivity. Apostolidis 2006 [5]. Source: Reproduced with permission 
of Elsevier. (For color detail, please see color plate section). 


Abbreviations: 

TRPVI1: Transient Receptor Potential Vanilloid 1 

P2x;,: ionotropic purinergic receptor type 3 
P2Y,/P2Y,/P2Y,: metabotropic purinergic receptors types 2, 4 and 6 
M2/M3: muscarinic acetylcholine receptors types 2 and 3 
a, OL, nicotinic acetylcholine receptors types 3 and 7 
NKI: Neurokinin receptor type 1 (SP receptor) 

SP: Substance P 

NGF: Nerve Growth Factor 

BDNF: Brain Derived Neurotrophic Factor 

ACh: Acetylcholine, ATP - Adenosine Triphosphate 


Together with the reduction in suburothe- 
lial purinergic receptors, [8] it appears that 
BoNT/A may exert a potent effect on the 
purinergic component of human bladder 


pathways, which is enhanced in conditions 
of bladder overactivity. In this respect, it 
was shown that the urothelially released 
ATP is also blocked by BoNT/A in spinalized 
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animals. [9] By contrast, a similar effect on 
the urothelial relase of ACh has been 
questioned, as the Vesicular Acetylcholine 
Transporter could not be detected by 
various methods in the human bladder 
urothelium. [10] A neuronal cholinergic 
effect, on the other hand, is supported by 
a study in normal and SCI animals, where 
BoNT/A treatment decreased the bladder 
contractions evoked by electrical stimula- 
tion of spinal nerves without altering 
intrinsic contractions. [11] However, this 
neuronal effect differs from the one in 
skeletal muscles, since a single BoONT/A 
injection in the human detrusor was 
not found to induce significant nerve 
sprouting. [12] 

It has been proposed that lack of 
neuronal sprouting is associated with the 
prolonged bladder effect compared to the 
effect on skeletal muscles. It may be partly 
due to the post-BoNT/A reduction of 
bladder nerve growth factor (NGF) levels. 
[13] Decreased NGF may also contribute to 
the reduction in suburothelial levels of 
the transient receptor potential TRPV1 
(vanilloid or capsaicin receptor), which is 
involved in mechanosensation and pain 
mechanims. This, however, could be also 
via a direct effect of BoNT/A on receptor 
trafficking. [5] As urine NGF and Brain- 
Derived Neurotrophic Factor (BDNF) 
levels were also decreased after BONT/A 
bladder injections, an effect on urotheli- 
ally released neurotrophins was proposed. 
[14, 15] Despite, however, the speculated 
urothelial effect of the toxin, neither SV2 
nor SNAP-25 could be detected by immu- 
nohistochemistry in human urothelial 
cells, contrary to their abundance in the 
suburothelium. [3] 

Further to the apparent lack of neuronal 
sprouting in the detrusor and suburothe- 


lium, [8, 12] other mechanisms to explain 
the long duration of effect of the toxin 
when injected in the bladder include the 
persistence of the cleaved SNAP25 product 
at the neuromuscular junction, [16] an 
effect on both preganglionic and postgan- 
glionic parasympathetic fibers, [17, 18] a 
central desensitization effect [8] and neural 
plasticity. [19] A spinal desensitization 
effect of BoNT/A was seen in animal 
models of inflammation-induced bladder 
overactivity, where intravesical admin- 
istration of BoNT/A resulted in reduced 
c-fos cell counts at the L6-S1 spinal cord seg- 
ments. [20] Further, neural plasticity has 
been proposed as the main factor regu- 
lating the partial restoration to normal 
levels of urothelial and suburothelial 
muscarinic receptors following successful 
BoNT/A treatment of detrusor overactivity 
symptoms. [19] 


Neurogenic detrusor overac- 
tivity and BoNT/A 

Efficacy 

The level of evidence (LOE) for the 
use of BoNT/A in NDO is the highest. 
It is built upon two meta-analyses, a 
recent one in SCI-associated NDO [21] 
and an older one comprising both NDO 
and OAB studies up to early 2010, [22] 
several systematic reviews, [22-26] eight 
(8) randomized trials of which six (6) 
are placebo-controlled, [27-32] and two 
(2) are active comparator-controlled trials 
[33, 34] (Table 16.1), four LOE2 studies, 
[35-38] and a wealth of LOE3 publica- 
tions from increasing number of centers 
worldwide. 

All LOE1 studies to date have reported 
on the onabotulinumtoxinA (BOTOX®) 
preparation, apart from a single study 
using abobotulinumtoxinA (Dysport®) in 


Botulinum toxin for the overactive bladder 169 


Table 16.1 Results from LOE] studies on the use of BoNT/A in patients with refractory NDO (authors in 


alphabetical order). 


Study Pts No F/U Preparation/Dose %A leaks % A MCC % A MDP 
Apostolidis et al. [33] 16 6 wk Placebo -35 62 -5 
19 Botox/50 U -29 64 -38 
21 Botox/100 U -37 136 -54 
17 Botox/200 U -55 86 -52 
Chen and Kuo [35] 38 6 mo Botox/200 U 77 —42 
34 Botox/300 U 43 -64 
Cruz et al. [30] 92 6 wk Placebo -36 2.6 15 
92 Botox/200 -67 63 -55 
91 Botox/300 -62 64 -64 
Ehren et al. [29 17 26 wk Dysport /500 60 -74 
10 Placebo 0 -22 
Giannantoni et al. [34] 12 6 mo Botox/300 -71 75 -40 
Ginsberg et al. [32] 149 6 wk Placebo -31 6 -4.7 
135 Botox/200 -65 60 -68 
132 Botox/300 -73 66 29 
Hershorn et al. [31] 25 6 wk Placebo 13 -11 18 
27 Botox/300 -57 75 46 
Schurch et al. [28] 21 6 wk Placebo -7 18 
19 Botox/200 -52 72 
19 Botox/300 -54 58 


Source: Adapted with permisson from [26]. 


comparison to placebo [28] (Table 16.1). 
Overall, onabotulinumtoxinA has been 
more comprehensively studied than abob- 
otulinumtoxinA. [25] A single LOE3 study 
has reported on the Prosigne® BoNT/A 
preparation. [39] 

Despite the variability in study designs, 
results consistently confirm the efficacy of 
BoNT/A in the treatment of refractory 
NDO-associated incontinence (Tables 16.1 
and 16.2). A systematic review recorded 
mean post-treatment continence rates of 
71% with onabotulinumtoxinA and 66% 
with abobotulinumtoxinA in all LOE 
studies. [25] Respective complete conti- 
nence rates, however, were only as high as 
40-41% with onabotulinumtoxinA com- 
pared to 7.6-10% with placebo in the FDA 
registration trials [29, 31] (LOE1). A trend 


for better clinical outcomes in LOE3 studies 
was also noted in an update of the latter 
review (Table 16.2), as the decrease in the 
mean number of incontinence episodes 
was 80% in LOE3 studies compared to 
68% (p=0.07) in LOEl-2 studies. [26] 
Nevertheless, further to the clinical 
improvement, significant ameliorations 
have been also demonstrated in urody- 
namic parameters usually evaluated in NDO 
patients, such as maximum cystometric 
capacity (MCC, 68 and 86% mean increase 
in LOEl-2 and LOE3 studies, respectively), 
maximum detrusor pressure (MDP, 42% 
mean decrease in all studies) and reflex 
volume (RV, 61 and 74% mean increase in 
LOEI-2 and LOE3 studies, respectively) 
[23-26] (Tables 16.1 and 16.2). BoNT/A is 
also able to minimize involuntary detrusor 
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Table 16.2 Mean and SEMof clinical and urodynamic outcomes of LOE1 and 2 versus LOE3 studies in 
patients receiving BoNT/A for NDO, also compared by preparation and dose where feasible. %A in all 
study endpoints refer to % change from baseline values. 


All studies (SEM) LOE No %A %A daily %A MCC %ARV %AMDP %UTI 
studies/ daily catheterization 
No leak 
patients 
Placebo 1 6/313 -19(10) -2 13(10) 21 —2(6) 33 
All BTX-A 1&2 12/ 874 -63(3) -18(4) 68(6) 61(11) -42(9) 39 
All BTX-A 3 41/1840 -80(4) -18(7) 86(9) 74(8) -42(6) 10 
P value Placebo Vs 0.006 0.01 0.002 <0.001 0.01 0.3 
LOE1 
P value LOE1 Vs 0.01 0.94 0.1 0.36 0.98 <0.001 
LO2&3 
onabotulinumtoxinA 1&2 10/752 -63(5)  -18(4) 72(5) 48(13) -40(9) 39 
all 
onabotulinumtoxinA 3 33/1400 -77(4) -20(5) 91(12) 71(8) —41(8) 13 
all 
P value 0.03 0.77 0.22 0.19 0.94 <0.001 
onabotulinumtoxinA 1&2 8/383 -71(5) —17(6) 70(5) 49(23) -31(15) 38 
300iu 
onabotulinumtoxinA 3 25/1156 -82(4) -24(4) 77(10) 108(47) -40(10) 14 
300iu 
P value 0.09 0.4 0.49 0.3 0.66 0.006 
abobotulinumtoxinA 1&2 3/122 27 (3) 56(19) 
all 
abobotulinumtoxinA 3 8/433 74 (7) 91(5) 
all 
P value 0.006 0.34 
Source: Adapted with permisson from [26]. 
contractions (IDC); these were abolished and incontinence in patients with 


in 60-69% of the patients treated with 
onabotulinumtoxinA in the two registra- 
tion trials as opposed to 17.4-19% of those 
who received placebo. [29, 31] 

Although both the onabotulinumtox- 
inA and abobotulinumtoxinA preparations 
appear to be efficacious in NDO, [25] there 
are no direct comparisons for dose, effi- 
cacy, and safety in patients with NDO or 
OAB. Results of a single, non-randomized 
study on 42 patients suggest that the 
BOTOX® (onabotulinumtoxinA) formula- 
tion may be more efficacious than the 
Prosigne® formulation in improving MCC 


refractory NDO. [39] 


Onset and duration of effect 
While the earliest documented clinical 
benefits in most LOE1 studies have been 
recorded at two weeks post-treatment 
when the first follow-up visit was designed 
to take place, open-label studies reported 
significant improvements in urgency, day- 
time frequency, and nocturia recorded in 
bladder diaries as early as 48 hours and in 
associated incontinence as early as 72 
hours in NDO patients still experiencing 
bladder sensation. [40] 
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A long duration of efficacy has been 
established in the literature: the beneficial 
effects of a single onabotulinumtoxinA 
injection may last 6-16 months compared 
to 5-12 months for a single abobotulinum- 
toxinA injection. [25] Such extraordinary 
results confirmed in the FDA 
regulatory approval trials which covered a 
total 691 patients; the median time to 
retreatment was 37—42 weeks for onabotu- 
linumtoxinA compared to 13—14 weeks for 
placebo. [29, 31] Results of the three-year 
extension study on the efficacy of repeat 
treatments are awaited. The level of 
evidence for efficacy and safety of the toxin 
when used in repeat treatment sessions 
remains low, but the number of LOE3 
studies reporting on the sustained efficacy of 
either of the two formulations with results 
from various centers is steadily growing. 
[41-49] A single randomized study com- 
pared two doses of onabotulinumtoxinA 
(200 U vs. 300 U) administered every six 
months for up to two injections (LOEI-2). 
[34] The two doses were found to be 
comparable for improvements in inconti- 
nence and urodynamic parameters, with 
the exception of IDC, which responded 
better to the higher dose (p=0.01). 


were 


Antimuscarinics and BoNT/A: A 
measure of efficacy or a BONT/A 
efficacy enhancer? 

A large proportion of patients injected with 
a BoNT/A formulation are still using anti- 
muscarinics at the time of injection, despite 
what is deemed as an inadequate response 
to the oral medication. In earlier studies, 
patients were asked to regulate on demand 
the antimuscarinic dose and overall use 
following a BoNT/A injection. Significant 
reductions in both the use and dose of 
anti-incontinence medication became 
apparent during maximum efficacy of the 


toxin in open-label studies, [41, 50, 51] 
but also in two RCTs which allowed titra- 
tion of the antimuscarinics dose on 
demand. [28, 30] Specifically designed 
studies to examine possible additional ben- 
efits from the concomitant use of antimus- 
carinics are still lacking, but a post hoc 
analysis of the phase 3 regulatory trials 
suggested that patients on antimuscarinics 
had similar improvements in incontinence 
rates, urodynamic parameters, and quality 
of life as those not using medication. [52] 


Predictors of response to 
treatment 

While the use of antimuscarinics may be a 
measure but cannot be used as a predictor of 
clinical efficacy, research has not identified 
any robust determinants of treatment effi- 
cacy in NDO. With reported overall failure 
rates of 5-25% for onabotulinumtoxinA and 
10-32% for abobotulinumtoxinA, [25] only 
longer duration of MS has been proposed to 
be a predicting factor of treatment failure in 
a single LOE3 study. [53] Speculation that 
treatment failure may be associated with the 
formation of neutralizing BoNT/A antibodies 
has been perplexed by the wide range of 
reported antibody formation rates following 
treatment (0-35%). [54-57] Further, a con- 
trolled study in children found no association 
between antibody formation and treatment 
failure, despite an initial increased rate of 
antibody formation in patients receiving 
repeat versus single injections (71 versus 
38%). [58] 


Do all neurogenic patient 
populations respond the same to 
the toxin? 

Although direct comparisons of efficacy 
between patient populations are lacking, 
BoNT/A appears to be highly efficacious in 
both MS and SCI patients, [29, 31] who 
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comprise the vast majority of study partic- 
ipants to date, mostly in mixed studies, 
with only small case series reporting on 
patients with Parkinson’s disease or cere- 
brovascular accident (CVA). [59-62] Two 
studies coming from a single center discuss 
efficacy and safety of the treatment in MS 
patients only. They found significant, long- 
lasting improvements in clinical, urody- 
namic, and quality of life parameters with 
repeat injections using the highest dose of 
onabotulinumtoxinA (300 U). [48, 63] A 
third report involved the MS subpopula- 
tion of one of the FDA registration trials 
(n=154 patients) who were randomized to 
receive placebo, 200 U, or 300 U onabotu- 
linumtoxinA. The 200 U dose achieved 
similar efficacy in incontinence as the 300 
U dose, but with lower rates of post- 
treatment CIC (24.3 vs. 37.5%) and UTI 
(58.5 vs. 70%). Finally, in a small study 
SCI patients achieved better continence 
rates and lower detrusor pressures com- 
pared to CVA patients. [62] 


BoNT/A bladder injections have a 
dramatic effect on quality of life 
(QOL) 

This has been demonstrated in RCTs with 
either of the two most commonly used 
preparations. It was the primary outcome 
in the single published RCT with abobotu- 
linumtoxinA. NDO patients injected with 
500 U Dysport® had a more significant 
change in QOL parameters and intake of 
anticholinergics compared to placebo- 
treated patients up to 26 weeks post- 
treatment. [28] Subanalyses of the RCTs 
using onabotulinumtoxinA also revealed 
that QOL scores, usually assessed with the 
I-QOL questionnaire, had 
significantly more than in the placebo 
groups for up to 36 weeks post-treatment. 


improved 


[29, 30, 64] It has been proposed that 
changes in troublesome clinical symptoms 
may be a more representative reflection of 
the QOL improvements than the equally 
significant changes in urodynamic param- 
eters. [50] 


Doses: The higher the better? 

The majority of published studies have 
used 300 U onabotulinumtoxinA in NDO 
patients, but a breakthrough in changing 
the most commonly used dose could be 
identified with the first randomized, 
placebo-controlled trial in 2005. [27] 
Although not an objective of this small- 
sized study, it was evident in reported 
results that 200 U onabotulinumtoxinA 
could achieve similar, if not more sustain- 
able, effects as the 300 U dose. The sug- 
gested plateau in the efficacy of the toxin 
was later confirmed in the large registra- 
tion trials, which demonstrated similar 
efficacy and a more favorable adverse 
event profile for the 200 U compared to 
the 300 U onabotulinumtoxinA dose. [29, 
31] At the same time, a dose-response 
study using lower doses of onabotulinum- 
toxinA provided some evidence for a more 
significant clinical benefit of the 200 U 
dose compared to the 50 U and 100 U doses 
in SCI patients with NDO. [32] Based on 
such findings, the 200 U onabotulinum- 
toxinA dose was licensed for the treatment 
of refractory NDO incontinence. 

As the recommended 200 U dose is 
associated with a 22-25% incidence of de 
novo post-treatment clean intermittent 
catheterizations, which rises to 35% with 
the previously used 300 U dose, [29, 31] 
the efficacy and safety of a lower dose was 
tested in a pilot study using 100 U 
onabotulinumtoxinA in MS patients, who 
may opt for preservation of voiding 
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function as opposed to SCI patients with 
commonly absent or severely impaired 
bladder sensation. Interestingly, the dose 
produced significant decreases in daytime 
frequency, nocturia, urgency, and associ- 
ated incontinence for a mean 8 months in 
the 12 patients studied. At the same time, 
despite the increase in PVR, the need for 
CIC was minimized. [65] 

The few studies comparing different 
doses of abobotulinumtoxinA are incon- 
clusive due to either inadequate sample 
size or lack of randomization. [35, 47, 66] 
A randomized, double-blind study com- 
paring 500 U to 750 U abobotulinumtox- 
inA could identify a trend for better clinical 
and urodynamic improvements with the 
750 U dose. [36] No clear dose-response 
could be found in a case-control study, 
although higher doses of abobotulinum- 
toxinA (750 U and 1000 U) appeared to 
achieve longer lasting effects than the 500 
U dose. [66] 


Injection technique and dilutions: 
does volume matter? 

There is a widespread notion that the 
toxin is efficacious independent of dilu- 
tion volume, number of injection sites, or 
site of injection. Thus, few studies have 
examined correlations between those var- 
iables and the toxin’s efficacy and safety. 
Nevertheless, as in the majority of pub- 
lished studies onabotulinumtoxinA was 
delivered at 30 injection sites and in the 
regulatory trials the same number of 
injection sites was used when adminis- 
tering either 300 U or 200 U BOTOX®, the 
licensed formulation advises such a dilu- 
tion that would allow injection at 30 
injection sites. A high dilution volume 
and number of injection sites is supported 
by experimental data, where activity of 


the toxin was assessed via distribution 
of the cleaved SNAP25 product [18] 
although a clinical study comparing 10 to 
30 injection sites (300 U Botox®) could 
find no difference in the changes of incon- 
tinence episodes and cystometric capacity 
between the two injection techniques. 
[67] Dilution in 30 ml delivered at 30 sites 
appears to be most common when inject- 
ing abobotulinumtoxinA too, despite a large 
variance in the number of injection sites 
and dilution volumes (10-30 injection 
sites, dilution volumes 5—30ml). [25] 

The proposed site of injection also 
remains unchanged from the technique 
originally described by Schurch et al. 
where injections were delivered into the 
detrusor muscle sparing the trigone [68] 
(Figure 16.3). This technique has been 
applied in the majority of published 
studies [24] although a comparative study 
suggested that trigonal injections may 
produce better continence rates and more 
significant improvements in reflex volume 
than detrusor injections alone. [37] There 
is no robust data on the use of a rigid 
versus flexible cystoscopes and on the 
type of injection needles. The tendency is, 
however to use finer injection needles, 
[24, 69, 70] and a typified needle is 
now marketed for bladder BoNT/A 
injections (http://www.porges.com/en-uk/ 
otherurologyproducts/lower-urinary-tract/ 
bonee). 

As, however, delivery of BoNT/A via 
bladder wall injections may be associated 
with some complications, including a degree 
of discomfort in patients with reminiscent 
or unaltered bladder sensation, alternative 
delivery techniques are being investigated. 
Preclinical studies examined intravesical 
instillations of BoNT/A encapsulated in 
liposomes [71] or via electromotive drug 
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Cartoon representation of original injection technique of 
onabotulinumtoxinA described by Schurch et al (Ref. [67]) 


100 ml bladder volume 
1 ml 
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Figure 16.3 2D (left) and 3D (right) cartoon representation of the onabotulinumtoxinA bladder injection 
technique in NDO/OAB patients. According to the original description by Schurch et al. [68], each 100 U 
toxin vial was diluted in 10ml normal saline, and 1 ml of the dilute was delivered at each injection site. 
The bladder wall is virtually mapped by the surgeon and injection sites should be at a distance of = 1 cm 
from each other and exclude the trigone in a half-full bladder. The injection needle should be adequately 
inserted (up to 4mm) to achieve a detrusor muscle delivery, minimizing at the same time the risk of 
injecting outside a thinned bladder wall by overdistension. Schurch 2000 [68]. Source: Reproduced with 
permission of Elsevier. (For color detail, please see color plate section). 


administration (EMDA), [72] with inter- 
esting results. A pilot study of EMDA- 
administered BoNT/A in children with 
reported significant 
improvements in urodynamic and clinical 
parameters. [73] 


myelomeningocele 


Is BONT/A injected in the bladder 
safe? 

The most common “adverse event” (AE) 
is the significant increase in post-void 
residual in patients not using CIC prior to 
treatment and the subsequent need to 
start CIC. As this is clearly related to the 
mechanism of action of the toxin, it is 
debated as a proper AE since it is to be 
anticipated. Interestingly, in the large 
placebo-controlled trials, 12-22% of the 
placebo-treated patients were also started 
on CIC post-treatment, suggesting patient 
management issues even before study 
entry. Nevertheless, an additional 
20-25% and 27-30% of the patients 


needed to initiate CIC post-treatment 
with 200 U and 300 U onabotulinumtox- 
inA, respectively. 

The increased rate of de novo CIC in the 
BoNT/A-treated patients accounts for a 
higher incidence of urinary tract infections 
(UTIs) in those treated with onabotu- 
linumtoxinA as opposed to placebo-treated 
patients [29, 31] (Table 16.2). This RCT 
finding may appear to contradict earlier pro- 
spective studies that had reported significant 
reductions in the incidence of UTIs for up to 
six months to six years post-treatment with 
BoNT/A. [46, 74, 75] The most likely 
explanation for this apparent discrepancy, 
however, must be that RCTs also report cases 
of asymptomatic bacteriuria as UTIs, 
whereas open-label studies reported only 
symptomatic UTIs. Asymptomatic bacteri- 
uria/UTIs are associated with CIC. [31] 

Muscle weakness might potentially be a 
serious adverse event; still, it is not clearly 
defined in clinical studies and has 
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been described also by terms such as 
hypoasthenia or fatigue. The overall inci- 
dence from combined literature data is 
0.005% in patients receiving onabotu- 
linumtoxinA and 0.026% in patients 
receiving abobotulinumtoxinA, [25] but 
considerably higher rates were reported in 
certain studies. In two of the most recent 
RCTs, 8.8-11% of BOTOX-treated partici- 
pants reported fatigue as opposed to 0-1% 
of the placebo-treated, [29, 30] while a 
much lower incidence was recorded in the 
third RCT. [31] The effect resolves sponta- 
neously after 2-8 weeks and appears to 
be dose-related for abobotulinumtoxinA, 
with most cases reported in patients 
injected with 750-1000 U, but not for ona- 
botulinumtoxinA. [29, 31, 44, 76] 

Other reported clinical AEs include 
haematuria, constipation, and flu-like 
symptoms. [25, 29, 31] Quantitative and 
qualitative, mostly positive, changes of 
semen have been described in SCI patients. 
[77] Despite initial reservations of injecting 
the trigone in order to avoid possible vesi- 
coureteral reflux, this was not proven to be 
an issue in small trials. [37, 78, 79] 

Concerns about autonomic and histo- 
logical secondary effects have been raised. 
[80, 81] Preclinical evidence supports a 
post-treatment reduction in autonomic 
dysreflexia incidence, [82] but clinical 
studies report somewhat higher rates of 
autonomic dysfunction incidents in toxin- 
treated patients compared to placebo. [30, 
31] Findings of neuromuscular jitter in 
single-fiber EMG recordings post-treatment 
in one-third of the patients cannot be con- 
sidered as definitive since the study was 
neither comparative or controlled. [83] 
Based on sparse human studies, it appears 
that BoNT/A does not cause bladder wall 
fibrosis or apoptosis, [84-87] while evi- 


dence points even towards a reduction of 
the fibrotic elements. [84] However, a pos- 
sible increase in inflammation and eosino- 
philic infiltration of the bladder wall with 
repeat injections warrants further investi- 
gation. [85] 


OAB/Idiopathic Detrusor 
Overactivity (IDO) and 
BoNT/A 


Efficacy 

A total of 56 studies with a minimum 
patient sample of 10 patients each have 
reported on the use of BONT/A in OAB/ 
IDO, of which 16 are randomized studies 
[64, 88-99] (Table 16.3). In the vast 
majority of studies onabotlulinumtoxinA 
was used, and the treatment was again 
found to be highly efficacious. A mean 
57% complete continence rate was esti- 
mated in an earlier systematic review, [25] 
but this did not include the most recent 
large RCTs, which reported disappointingly 
low continence rates (22.9, 27, and 31%) 
[93, 95, 97] (Table 16.4). Indeed, there is a 
wide variance in reported outcomes of a 
single treatment cycle, particularly bet- 
ween the largest RCT and the largest 
open-label study to date (22.9 vs. 86% 
incontinence-free patients). [97, 100] 
Improvements above the placebo effect 
were seen in all OAB symptoms (daily 
frequency, urgency, urgency incontinence, 
and nocturia) and in urodynamic parame- 
ters such as MCC and MDP. 

Most improvements were again better in 
lower LOE studies, with MCC and daily 
frequency achieving or trending for signifi- 
cance when compared to LOE1-2 studies 
(Frequency: 29 vs. 40%, p=0.08 — MCC: 32 
vs. 58%, p=0.003). [26] Treatment efficacy 


Table 16.3 Results from LOE1 studies on the use of BoNT/A in patients with refractory non-neurogenic 
OAB symptoms. 


Study No pts F/U Preparation %Adaily %Adaily %Adaily %A %A %AQOL 


/Dose frequency urgency leak MCC MDP 
Altaweel 11 3mo Botox/100 47 -60 -45 24 -28 UDI6 =-50 
et al. [101] IlQ-7 =-42 
11 Botox/200 -49 -59 -32 51 -27 UDI6=-41 
IQ-7=-44 
Brubaker 15 3mo Placebo -5 
et al. [89] 
28 Botox/200 -85 
Chapple et 271 6 wk Placebo -7 -12 -25 IQOL =19 
al. [96] 
277 Botox/100 -18 -45 -62 IQOL =73 
Denys etal. 29 Placebo -9 -31 -31 10 49 IQOL =30 
[94] 
21 Botox/50 -11 -16 -51 8 51 IQOL =38 
22 Botox/100 -30 -34 -54 8 37 IQOL =96 
27 Botox/150 -32 -53 -56 17 50 IQOL 
=110 
Dmochowski 43 12 wk Placebo 19 5 KHQ =-7 
et al. [91] 
56 Botox/50 19 16 KHQ=-11 
55 Botox/100 28 —4 KHQ=-19 
50 Botox/150 39 -22 KHQ =-21 
52 Botox/200 33 -21 KHQ =-20 
55 botox/300 48 —4 KHQ=-19 
Flynnetal. 7 6 wk Placebo -7 9 UDI6=7.4 
[90] IIQ-7=0 
15 Botox 200/300 -12 -58 UDI6 =-38 
IIQ-7 =-67 
Gousse et al. 30 6wk Botox/100 
[102 
30 Botox/150 
Jabs et al. 10 6mo Placebo 6 8 -21 UDI6=-18 
[103 IIQ-7=-7 
11 Botox/100 -26 -67 13 UDI6 =-49 
IIQ-7 =-50 
Kuo [104] 37 3mo Botox/100 -15 0.8 -57 2i -16 
35 -17 -6 -59 17 -7 
33 -20 -7 -28 27 -15 
Nitti et al. 280 6wk Placebo -1.1 -13 -24 
[97] 
277 Botox/100 -15 -35 -64 
Sahai etal. 18 4wk Placebo -7 -18 -19 -15 -4 UDI6=—-5 
[88] IIQ-7 =-28 
16 Botox/ 200 -49 -79 -62 72 -55 UDI6 =-48 
IIQ-7 =-67 
Tincello 98 6wk Placebo -10 -20 -14 IQOL=32 
et al. [93] 


Source: Adapted with permisson from [26]. 
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Table 16.4 Mean and SEM of clinical and urodynamic outcomes of LOE1 and 2 versus LOE3 studies in 
patients receiving BoNT/A for OAB, also compared by preparation and dose where feasible. %A in all 
study endpoints refer to % change from baseline values. 


All studies (SEM) LOE No %Adaily %A %A %A MCC %AMDP %ISC %UTI 
studies/ frequency daily daily 
No urgency leak 
patients 
Placebo 1 9/772 —5(2) —19(3) —13(5) -2(10) 17(17) 0 7 
All BTX-A 1&2 16/1380 -29(3) —38(6) -59(4) 32(5) -31(6) 12 21 
All BTX-A 3 40/2673 -40(4) -49(8) -69(6) 58(7) -29(6) 16 14 
P value Placebo Vs <0.001 0.02 <0.001 0.01 0.04 <0.001 <0.001 
LOE1 
P value LOE1 Vs 0.08 0.3 0.15 0.003 0.88 <0.001 0.01 
LO2&3 
onabotulinumtoxinA 1&2 15/1358 -29(3) —38(6) -59(4)  28(4) —23(5) 12 21 
all 
onabotulinumtoxinA 3 34/2302 -38(5) -51(9) -70(6) 59(7) -29(7) 13 14 
all 
P value 0.12 0.27 0.14 <0.001 0.49 0.4 0.01 
onabotulinumtoxinA 1&2 5/195 —40(9) -69(6) -68(14) 52(11) —34(10) 24 34 
200iu 
onabotulinumtoxinA 3 15/847 —34(4) -49(15) -79(10) 59(18) -19(12) 31 10 
200iu 
P value 0.53 0:3 0.53 0.79 0.38 0.08 <0.001 
onabotulinumtoxinA 1&2 10/886 -28 —30(6) —55(4) 23(4) 7 18 
100iu 
onabotulinumtoxinA 3 8/744 -38 -51(33) -63(9) 56(6) 10 16 
100iu 
P value 0.23 0.28 0.41 <0.001 0.09 0.4 


Source: Adapted with permisson from [26]. 


appears to be dose-dependent as the 
continence rates in a dose-response study 
were 15.9, 29.8, 37.0, 40.8, 50.9, and 57.1% 
in the placebo, and 50, 100, 150, 200, and 
300 U onabotulinmtoxinA groups, respec- 
tively. [91] 

Interestingly, failure rates appear to be 
higher in idiopathic OAB studies than in 
NDO studies. Treatment benefit was 
reported by only 60.8 and 62.8% in the 
two largest RCTs [96, 97] with a placebo 
effect approaching 30%. Similarly, a land- 
mark earlier study which had raised aware- 
ness on the high post-treatment rates of 
increased post-void residuals and UTIs had 


also reported a clinical response in approx- 
imately 60% of treated women. [89] This 
may be partly associated with patients’ 
expectations from the treatment. In a 
cohort of women with OAB/IDO, the 
majority of women (>75%) would expect 
to become fully continent, to have a mini- 
mization of their urgency, and a voiding 
frequency of<8 times/day, and would be 
happy with a beneficial effect last- 
ing>9months if injected with BoNT/A. 
Preferences were no different between 
treatment-naive and women already on 
antimuscarinics. [105] Other, open-label 
studies, reported better outcomes. In the 


178 Third Line Management 


largest study of repeat injections in IDO 
patients (7=100), 24% discontinued the 
treatment, but only 13% because of poor 
efficacy, with the dislike for CIC accounting 
for the remaining 11% of the drop-outs. 
Comparative, open-label studies found no 
differences in efficacy between IDO/OAB 
and NDO populations treated with either 
the same [106, 107] or different doses of 
BoNT/A. [108] Elderly patients may also 
benefit from the treatment as demon- 
strated in a small series of 21 patients with 
a mean age of 81 years who received 200 U 
onabotulinumtoxinA. A mean duration of 
symptomatic improvement of 
months was reported, with no treatment- 
related AEs. [109] 

Efficacy seems to be maintained with 
repeat injections, but the LOE is low and 
few published large series exist. [110, 111] 


seven 


Onset and duration of effect 
Similar to the NDO populations, in OAB 
RCTs the earliest time-point where a positive 
effect was recorded was two weeks post- 
injection as per study design. Another RCT 
reported an improvement in OAB symp- 
toms at day 8, but this became significant 
one month post-treatment. Open-label 
studies identified an earlier response within 
the first week of treatment. In a small study 
of eight patients examining the daily changes 
in OAB symptoms after injection of 200 U 
onabotulinumtoxinA, Kalsi et al. found 
significant reductions in urgency, frequency, 
and urgency incontinence as of day 4. [40] 
In a large study of 100 patients treated with 
100 U, the mean time to loss of urgency was 
five days. [100] A similar result was reported 
in a study of 35 OAB patients treated with 
200 U Botox®. [112] 

By contrast to the NDO literature, little 
data exists on duration of effect in OAB. 


The majority of LOEl studies had 
outcomes reported at 3-6 months, with a 
single RCT estimating a mean 373 days of 
treatment benefit for the women who 
responded to treatment. [89] A long-last- 
ing effect with inter-injection intervals of 
at least 300 days was also found in a 
cohort of patients who received up to 
eight repeat injections (mean time to re- 
injection 322 days), [110] and an even 
longer duration of effect (min. 12 - 
max.15months) in another large series 
who received up to five injections. [111] 
All studies which reported durable mid- 
term effects had used 200 U onabotu- 
linumtoxinA in the vast majority of their 
patients. [89, 110, 111] 


Doses 

In a dose-ranging study using doses bet- 
ween 50 and 300 U onabotulinumtoxinA , 
even the lower dose of 50 U was found to 
improve OAB symptoms compared to 
placebo, although not consistently. Similar 
to the NDO population, analysis of clinical 
and urodynamic data suggested a plateau 
in efficacy at doses of 100-150 U onabotu- 
linumtoxinA. When the rates of AEs (CIC 
and UTI) were also considered it was 
decided that the 100 U dose combined the 
best clinical and AE profile, [91] later 
receiving approval for refractory OAB 
treatment. Still, there appears to be a large 
gap in efficacy concerning complete conti- 
nence between the approved 100 U and 
the 200 U dose which was most commonly 
investigated in the earlier RCTs (37 vs. 
51%). These findings complemented open- 
label studies also estimating that 51% of 
the patients had achieved complete 
continence with a single 200 U Botox® 
injection. [113] Results remain difficult 
to interpret as another RCT - though 
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underpowered — reported 55 and 50% 
continence rates with 100 and 150 U ona- 
botulinumtoxinA, respectively. [94] 

Studies comparing different doses are 
sparse and inadequately powered. In a 
randomized trial, patients receiving 150 U 
Botox® seemed to achieve better conti- 
nence rates if incontinent (58 vs. 25%) 
and restoration of micturition frequency if 
dry (90 vs. 60%) when compared to those 
who received 100 U, but differences were 
not statistically significant, possibly due to 
the small sample size. [114] No differences 
were seen in AE profile between the two 
doses. These findings are contradicted by 
another randomized anda non-randomized 
study, which found no clinically relevant 
differences between 100 U and 200 U and 
100 U and 150 U onabotulinumtoxinA, 
respectively. [101, 115] 


Antimuscarinics and BoNT/A in 
OAB/IDO 

Going a step further from the question of 
the additive role of antimuscarinics arising 
from the NDO studies, an alternative double- 
blind, double-placebo-controlled study 
directly compared 100 U onabotulinum- 
toxinA to oral antimuscarinics (solifenacin 
or tropsium), but in a mixed patient 
population in terms of previous use of 
antimuscarinics for urgency incontinence. 
Interestingly, results showed no difference 
between the two groups in reduction of 
incontinence episodes and QOL improve- 
ment, but BOTOX® was more effective in 
achieving complete continence (27 vs. 
13%). [95] Following discontinuation of 
oral medication, a more durable effect 
could be seen for patients in the onabotu- 
linumtoxinA group. No significant interac- 
tions were found between treatment group 
and prior use of antimuscarinics. Between 


those who were treated with Botox®, 
patients who had failed antimuscarinics 
due to inadequate efficacy showed a lesser 
treatment benefit compared to those who 
had discontinued due to an unfavorable 
AE profile (60 vs. 86%, p=0.02). [116] 


Quality of life: much better after 
BoNT/A treatment in OAB/IDO 
Improved QOL is a consistent finding in all 
RCTs as well as in open-label studies, 
independent of questionnaire used (usu- 
ally I-QOL or UDI6 & IIQ7). [64, 90, 94, 
96-99] The improvement in QOL seems to 
be sustained with repeat treatments. [111] 
Importantly, despite the fact that fear of 
increased PVR and need for CIC may pre- 
vent patients from having the treatment or 
discontinue it, [105, 110] a retrospective 
study claimed that QOL was not affected 
by the use of CIC. [117] 


Predictors of response to 
treatment 

In the first effort to identify poor responders 
to treatment, Schmid et al. in their cohort 
of 100 IDO/OAB patients suggested that 
poor bladder compliance, low MCC 
(<100ml), and bladder wall fibrosis may be 
associated with lower efficacy. Younger age 
(55 vs. 68 years, p=0.03) and OAB-associ- 
ated incontinence (as opposed to OAB- 
dry) were related to a better clinical 
response in another — univariate — analysis. 
[118] In the same analysis, higher max- 
imal detrusor pressures showed a tendency 
to correlate with better efficacy (49 vs. 
29cm H,O, p=0.06). This finding may 
appear to partly contradict earlier data by 
Sahai et al. who found that high max. Pa 
(>110cm H,O) may predict poor response 
to treatment with a high specificity and 
sensitivity. [119] Neither of the two studies 
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clarified whether max. P «„ referred to an 
involuntary detrusor contraction upon 
filling. Finally, the presence of DO upon 
baseline urodynamic investigation does 
not appear to predict treatment outcomes, 
[92] but post-treatment UTIs or incidents 
of hematuria were found to be associated 
with poorer outcomes. [122] 


Injection technique 

A great variance exists again concerning 
dilution volumes, site of injections (detru- 
sor vs. suburothelium, trigonal vs. non- 
trigonal) and number of injection sites. 
Consistent with the notion that “volume 
matters,” the original 20ml dilution used 
for the 200 U onabotulinumtoxinA 
(1ml per injection site) was preserved 
throughout the regulatory trials using 100 
U (0.5ml per injection site). [91, 96, 97] 
Trigone-including injections of abobotu- 
linumtoxinA were found to be superior to 
trigone-sparing injections in terms of OAB 
symptomatic [121] but 
another randomized, actively-controlled 
study using 100 U onabotulinumtoxinA 
found no differences in efficacy between 
trigone-including and 
injections. [104] Risk of vesicoureteric 
reflux does not increase with trigonal 
injections. [104, 121, 122] 


improvement, 


trigone-sparing 


Adverse events: A clearer profile 
in OAB/IDO 

There is a unanimous agreement and high 
LOE in the literature that BoNT/A bladder 
injections for OAB/IDO are associated with 
increased post-void residuals, an increased 
need for post-treatment self-catherizations 
as well as an increased rate of UTIs. 
OnabotulinumtoxinA was also found to be 
associated with a higher rate of UTIs and 
need for post-treatment CIC in a direct 


comparison with antimuscarinics, although 
with a less common dry mouth effect. [95] 

Both major side-effects appear to be 
largely dose-dependent, but a plateau may 
come after a certain dose, and 300 U ona- 
botulinumtoxinA seem to have similar or 
even lower rates of CIC and UTIs as the 
200 U dose. The proportion of patients 
requiring CIC were 0, 3.6, 9.1, 12.7, 18.2, 
and 16.4% for placebo, and 50, 100, 150, 
200, and 300 U groups, respectively. 
Indeed, the 200 U which appeared to be 
favored in the earlier RCTs and in large 
open-label studies has been linked to CIC 
rates ranging between 21 and 43%. [88, 
89, 91, 111] By contrast, significantly 
lower CIC rates have been reported for the 
100 U dose: 0%-9% of patients in large 
multicenter RCTs were started on CIC, [91, 
94-97] which complemented results of the 
largest open-label study using 100U (4%). 
[100] However, these results are always 
subject to the definition and management 
differences of a large PVR. For example, 
only 41% of patients with a post-treatment 
PVR of >200 ml initiated CIC in the phase 3 
pivotal trial. [96] The loss in efficacy is 
counterbalanced by the higher AE rate of 
the higher dose (increased PVR, post- 
treatment catheterizations, and UTIs). 

Urinary tract infections appear to be the 
most common adverse event in IDO/OAB 
patients, with a wide range of reported 
incidence. In RCTs using 200 U onabotu- 
linumtoxinA, the incidence ranged bet- 
ween 7 and 44% compared to 0-22% for 
placebo. [88, 89, 93] The dose-finding 
study recorded UTI in 16.3, 33.9, 44, 48.1, 
and 34.5% of patients randomized to 
receive placebo, 50, 100, 150, 200, and 300 
U onabotulinumtoxinA respectively. This 
adverse event seems to be associated with 
the increase in post-void residuals. 
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Efforts have been made to predict some 
of the most common side-effects. In a uro- 
dynamic analysis, Sahai et al. proposed 
poor pre-treatment detrusor contractility 
as a predictor of incomplete bladder emp- 
tying and need for CIC. A projected isovol- 
umetric pressure (PIP1) in women<50 and 
a bladder contractility index (BCI) in 
men<120 combined good sensitivity and 
specificity for prediction of poor bladder 
emptying post-BoNT/A injections. [123] 
Male gender and incomplete bladder emp- 
tying even before treatment (PVR > 100ml) 
increased the likelihood of post-treatment 
retention, while the presence of medical 
comorbidity was associated with a high 
PVR. Urinary tract infections were found 
to occur more commonly in women and in 
men with retaining prostate. [122] 


The economics of BONT/A: Is 
it cost-effective to inject the 
overactive bladder with 
BoNT/A? 


A UK study based on data from patients 
who had been injected with either 300 U 
(NDO) or 200 U (IDO/OAB) and hada>50% 
symptomatic improvement used projected 
quality-of-life improvements and concluded 
that bladder BONT/A injections are cost- 
effective for either NDO or IDO/OAB, on an 
estimated cost of £6000 per quality adjusted 
life year (QALY). [124] This analysis, 
however, was performed on an estimated 
inter-injection interval of 19.5months. A 
European study in NDO patients found 
that intradetrusor BoNT-A may halve the 
treatment costs of incontinence, possibly 
via a decrease in the incidence of UTIs and 
in the use of pro-continence medication 
and incontinence protection. [125] BoNT/A 


costs were found to be comparable to aug- 
mentation cystoplasty at five years in the 
NDO patients, but with a rather unrealistic 
mean duration of effect of five months per 
treatment session and with a<40% inci- 
dence of augmentation cystoplasty associ- 
ated complications. [126] A USA study 
comparing BoNT/A to sacral neuromodu- 
lation (SNM) and augmentation cystoplasty 
for IDO/OAB patients for up to three years 
identified BoNT/A to be the least costly 
intervention. Further analysis found that 
SNM persisted as the most costly interven- 
tion in all scenarios of outcomes and risks. 
[128] Somewhat conflicting results were 
published for another two studies com- 
paring BoNT/A to SNM. Both found SNM 
to be cost-effective compared to BoNT/A at 
five and ten years, respectively. [128, 129] 


Concluding remarks 


A large body of evidence supports the effi- 
cacy and overall safety of BoNT/A for 
bladder use in both the NDO and OAB/IDO 
populations, but they were produced mostly 
by tertiary referral centers in either open- 
label studies or RCTs. Following approval for 
use in both indications, the widespread use 
of the toxin in refractory overactive bladder 
patients will produce real-life data which are 
awaited with great interest. Standardization 
of peri- and post-treatment patient care as 
well as of injection techniques (if possible) 
could be a way towards more homogeneous 
analyzable results, and could help maximize 
treatment benefits for the patient but also 
protect this valuable second-line treatment. 
More research is needed on the mechanism 
of action, safety, long-term use of the toxin, 
and the development of alternative delivery 
techniques. 
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KEY POINTS 


tions. 


sively with the patient before surgery. 


e Surgical treatment for OAB is reserved for refractory cases. 


e Careful consideration should be given to the patient's medical condition, needs, and expecta- 


e Bladder augmentation is the most commonly utilized technique. 


e Complications and consequences of surgery can be significant and should be discussed exten- 


Surgical treatment for OAB is reserved 
only for patients who fail all previous con- 
servative managements. The surgical inter- 
vention should be tailored to the patient’s 
bladder condition, overall medical status, 
physical abilities, and expectations. The 
patient should understand the conse- 
quences and possible complications of the 
procedure. This chapter will only discuss 
surgical treatment in adults. 


Bladder augmentation 


Several different surgical procedures have 
been utilized, however the most prevalent is 
bladder augmentation. The first ileocysto- 
plasty was performed in dogs by Tizzoni in 
1888. [1] Shortly after, it was followed by 


cystoplasty in humans, reported by Mikulicz 
in 1899. [2] It was not often used until the 
1950s, when Couvelaire popularized it for 
the treatment of the small contracted 
tuberculous bladder. [3] Augmentation cys- 
toplasty was introduced for idiopathic detru- 
sor overactivity by Bramble et al. in 1982. 
[4] Fifteen adult patients with enuresis and/ 
or severe urgency incontinence were treated 
by a modified form of enterocystoplasty, 
using sigmoid colon or ileum. Satisfactory 
results were obtained in 13 patients, who 
were dry both by day and by night. 

Since then, many different surgeons 
have carried out augmentation for a variety 
of indications, using many different types 
of bowel segments like the stomach, the 
ileum, the caecum, and the ascending and 
sigmoid colon. [5] All have been used as 
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Figure 17.1 “Clam” ileocystoplasty. Source: www.springerimages.com. 


tubular or detubularized, simple or com- 
plex segments. Mundy et al. described 
“Clam” ileocystoplasty (Figure 17.1) for 
treatment of refractory urgency inconti- 
nence. [6] The success rate was 75%. Six 
patients were cured of their symptoms but 
needed clean intermittent catheterization 
(CIC) and four had their symptoms signifi- 
cantly improved by the operation. Authors 
also noticed that bladder compliance usu- 
ally improved with the operation and 
detrusor overactivity was either abolished 
or reduced to an insignificant level. Voiding 
dysfunction, however, is a common post- 
operative problem and must be identified 
and treated. 

Augmentation enterocystoplasty is usu- 
ally done with the intraperitoneal approach. 
The “extraperitoneal” approach involves a 
small peritoneotomy to obtain the segment 
of bowel for augmentation. Reyblat et al. 
[7] compared operative and post-operative 
parameters and clinical outcomes of these 


two techniques. Patients in the extraperito- 
neal group had significantly shorter opera- 
tive times (3.9 vs. 5.6 h); shorter hospital 
stays (8.0 vs. 10.5 days); and shorter 
waiting periods for the return of bowel 
function (3.5 vs. 4.9 days). There was no 
significant difference in complication rates. 
Post-operative continence was equally 
improved in both groups. 

Ileocystoplasty is usually performed as 
an open surgical procedure. Recently how- 
ever, with the advances in technology, lap- 
aroscopic [8] and robotic cystoplasty [9] 
have been introduced. Animal data indi- 
cate similar outcomes between open and 
robotic-assisted ileocystoplasty but inci- 
dences of complex adhesions post-surgery 
favor the robotic approach. [10] 

Some series report mixed populations 
of idiopathic and neurogenic patients 
treated with clam cystoplasty. [11] After a 
clam enterocystoplasty, only half of the 
patients became dry and appliance-free. 


Surgical treatment for overactive bladder 193 


The magnitude of the surgery and the void- 
ing dysfunction associated with the relative 
lack of motivation of elderly patients made 
the operation less successful and more 
hazardous in those over the age of 65. 

The Hasan et al. [12] study comprised 
48 patients who underwent enterocysto- 
plasty for idiopathic detrusor overactivity 
or neurogenic detrusor overactivity. Early 
symptomatic outcome was good in 83% of 
the patients. Nottingham Health Profile 
(NHP) scores revealed significant improve- 
ments in all domains. Long-term outcomes 
were less satisfactory, 
urinary tract infections (UTI) in 37% of the 
patients, a need for long-term antibiotic 
therapy in 15%, and a change in bowel 
habits in 33%. Clean intermittent self 
catheterization (CISC) was performed in 
85% of patients. The long-term outcome was 
better for neurogenic detrusor overactivity 
than idiopathic, 92 and 58% respectively. 

Enterocystoplasty can also be used as a 
part of complex interventions. Lewis et al. 
[13] reviewed mixed-patient populations 
(78 patients) “clam” 
enterocystoplasty. Nearly half were non- 
neurogenic. Most patients were operated 
on for incontinence but 12 had upper 
tract damage, related either to urinary 
diversion or to poor bladder compliance in 
the early phase of filling. After surgery, 
most of the patients became dry (69). 
Some patients (30) voided spontaneously, 
(17) by activation of an artificial urinary 
sphincter or by self-intermittent catheteri- 
zation (22). Four patients continued to 
have nocturnal enuresis, three diurnal 
enuresis, and two stress incontinence. One 
patient had a continent diversion. 

In another report of mixed pathology, 
[14] 122 augmentation cystoplasties per- 
formed over an eight-year period were 


with recurrent 


who underwent 


reviewed. The primary urodynamic diag- 
nosis was reduced compliance in 92 (77%) 
patients and detrusor hyperreflexia/insta- 
bility in the remainder. The clinical diag- 
nostic groups were: spinal cord injury/ 
disease in 32 (27%), myelodysplasia in 27 
(22%), interstitial cystitis in 21 (17%), idi- 
opathic detrusor instability in 13 (11%), 
radiation cystitis in 8 (7%), Hinman-Allen 
syndrome in 5 (4%), and miscellaneous in 
11 (9%). A detubularized ileal or sigmoid 
augmentation was used in 82 (67%) 
patients. In 19 patients, augmentation 
accompanied undiversion. Sixteen patients 
had a simultaneous fascial sling for ure- 
thral incompetence. Bladder capacity was 
increased from a preoperative mean of 108 
ml (range 15-500 ml) to 438 ml (200-1200 
ml) post-operatively. Of the 106 assessable 
patients, 75% had excellent results. 

A retrospective study on 32 patients 
with suprasacral spinal cord injury and 
neurogenic detrusor overactivity showed 
resolution of the in all 
patients with the follow-up of six years. An 
improvement in quality-of-life parameters 
was reported in 96.2%. Pre-operative 
vesico-ureteric reflux resolved completely 
in four out of five patients and improved 
from grade IV to grade II in one. [15] 

The Goodwin “cup-patch technique” 
(Figure 17.2) uses an ileal segment, opened 
along its antimesenteric border and folded 
twice for bladder augmentation. [16] Nine 
patients with MS received 
treatment using this technique. Outcomes 
included improvement in bladder capacity 
and resolution of vesico-ureteral reflux 
and improvement in renal function. [17] 
This technique is now widely used. 

In the case of severe detrusor hyper- 
trophy, supratrigonal cystectomy combined 
with cystoplasty can be considered. 


incontinence 
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(b) 


Figure 17.2 The low-compliance area is shown after antemesenteric (a) and perimesenteric (b) 
transection of the ileal segment. BJU International, Volume 88, Issue 6, pages 577-580, October 2001. 
Source: Reproduced with permission of John Wiley & Sons Ltd. 


Ureteric reimplantation at the time of cys- 
toplasty is mostly utilized in children, 
providing an 85% resolution of the reflux 
and acceptable morbidity. [18] 

Long-term urodynamic outcome in 26 


patients with neurogenic voiding 
dysfunction, who underwent augmenta- 
tion enterocystoplasty alone or in 


conjunction with various continence or 
antireflux techniques showed good results. 
All but one patient (96%) in the series had 
near or complete resolution of urinary 
incontinence and mean total bladder 
capacity increased from 201 to 615 ml and 
mean maximum detrusor pressure 
decreased from 81 to 20 cm H,O. [19] 
Augmentation ileocystoplasty is a 
valuable alternative for patients with intrac- 


table urgency incontinence. However, these 
patients and their physicians should be 
aware of its limitations, specifically the pos- 
sibility that incontinence may persist and 
the high probability of the need for self- 
catheterization, with potential subsequent 
urinary tract infection. [20] Contraindi- 
cations to perform ileocystoplasty include 
significant inflammatory bowel disease or 
dysfunction and the inability to perform 
CIC. 

Using an appropriate questionnaire in 
spinal cord injured patients, Khastgir et al. 
have found high patient-satisfaction rates 
in augmentation cystoplasty in addition to 
successful surgical outcomes. [15] 

Different segments have been used by 
some centers; however, they have never 
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Figure 17.3 Sigmoid augmentation cystoplasty. http://emedicine.medscape.com/article/4439 16-overview. 
Source: Reproduced with permission of Medscape Reference (http://emedicine.medscape.com/). 


reached the popularity of the ileal pouch. 
A sigmoid colon segment fashioned into 
a cup-patch and detubularized cecum 
was used for augmentation cystoplasty 
in neurogenic patients. Some patients 
had an additional artificial 
sphincter implanted. There was a good 
clinical outcome in most patients after 
15 months. [5] 

Enterocystoplasty with ileum, cecum, 
and sigmoid (Fig 17.3) in combination 
with different surgical techniques has been 
used to prevent upper tract deterioration 
or urinary incontinence. In general, there 
was little difference 
regard to which part of the bowel was 
used. [21] In a retrospective review, the 
sigmoid colon showed a trend towards a 
lower rate of small bowel obstruction with 
no difference in perforation or stone for- 
mation compared with ileum. [22] A good 
reservoir capacity can be achieved with 
both ileum and sigmoid post-operatively. 
However, ileum provided lower reservoir 
pressures and better compliance. Detu- 
bularized ileum seems to be better-suited 
than sigmoid for augmentation cysto- 
plasty in patients with neurogenic bladder 
dysfunction. [23] 


urinary 


in outcome with 


Biomaterials for cystoplasty have been 
used on an experimental basis. Only two 
pilot studies have been conducted with 
some promising results up to two years’ 
follow-up. Clearly, more extensive trials 
must be conducted before this technique 
can be considered for routine surgical pro- 
cedures. [24] 


UDS 
evaluation post- 
augmentation 


Urodynamic studies after augmentation 
enterocystoplasty, in comparison to patients 
without intervention, showed 
larger maximal cystometry capacity, lower 
detrusor pressure, and improvement in 
bladder compliance. [19, 25] Detrusor over- 
activity may persist in some patients. [12] 
Urinary incontinence may be secondary 
to poor sphincteric function in patients 
with and without prior augmentation. 
Strict follow-up of the patients after aug- 
mentation enterocystoplasty is necessary. 
[23] suggested that detrusor 
pressure <20 cm H,O after augmentation 
surgery in myelodysplasia may predict 


surgical 
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better outcomes with regard to conti- 
nence. [26] Long-term (6.3 yrs) follow-up 
in a single institution prospective study 
showed an 89% continence rate with 
clean intermittent catheterization (CIC), 
an increase in MCC, and a decrease in end 
filling pressure. [27] 

A review of urodynamic findings in 23 
“Clam” enterocystoplasty patients, [28] 
mostly with neurogenic detrusor overac- 
tivity and poor compliance, showed a 


significant improvement in bladder 
pressure in all but two patients. Overall, a 
long-term satisfactory outcome was 


achieved in 78% of patients. 


Artificial urethral sphincter 
and augmentation 


Successful outcomes could be improved by 
careful patient selection and by performing 
an anti-stress incontinence procedure, such 
as the implantation of an artificial urinary 
sphincter cuff or a cystourethropexy, where 
there is associated bladder outlet incom- 
petence. Augmentation surgery can be 
combined with the insertion of an artificial 
urinary sphincter. Catto et al. reported a 
total of 108 sphincters failed due to infec- 
tion (25%), tissue atrophy (5%), or 
mechanical reasons (25%). The overall 
infective failure rate was similar in patients 
who underwent simultaneous augmenta- 
tion (30%), compared with the other 
patients (23%), although there was a statis- 
tically significant difference within the first 
three post-operative years. [29] Mor et al. 
implanted an artificial urinary sphincter 
cuff with augmentation cystoplasty in a 
mixed patient population and reported an 
82% continence rate. [30] Venn and 
Mundy reported a 78% continence rate 


with cystoplasty alone in patients with 
neuropathic bladders, increasing to 90% 
with the addition of an artificial urinary 
sphincter. The patients undergoing cysto- 
plasty and AUS implantation for idiopathic 
detrusor overactivity had a 93% conti- 
nence rate. [31] In another report, >90% 
continence was achieved in neurogenic 
patients after simultaneous cystoplasty and 
implantation of an AUS. [32] 


Complications 


Augmentation cystoplasty is associated 
with numerous possible complications and 
consequences. Post-surgery mortality has 
been calculated to be between 0% and 
3.2%. [33, 34] Beyond obvious complica- 
tions associated with anesthesia and open 
surgery, several specific problems involving 
ileocystoplasty have been reported. Small 
bowel obstruction, anastomotic leak, and 
wound-healing issues have been reported 
in between 2-6%. [35] 

Voiding dysfunction is probably the 
most common complication, often by 
design. Bowel pouch and bladder wall 
division contribute to a decrease of detru- 
sor contractility. Some patients can void 
spontaneously but the majority, especially 
patients with neurogenic bladder overac- 
tivity, need clean intermittent catheteriza- 
tion (CIC). [32] 

Late complications (>30 days) include 
incisional hernia, anastomotic perforation, 
calculus formation, and urethral stricture. 
[20] Revision rate may be as high as 16%. 
Urinary incontinence may manifest in 
13% of patients with half of these requiring 
surgical treatment. Pyelonephritis occurred 
in 11% patients. Reservoir rupture is rare, 
occurring in 4-13% of patients. [12, 36] 
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It is a serious and life-threatening compli- 
cation. [37, 38] 

Chronic bowel problems (20-50%) 
include diarrhea, fecal incontinence, and 
bowel movements at night. [30, 39] 
Irritable bowel syndrome is often associ- 
ated with detrusor overactivity. Some of 
the bowel problems relate to the malab- 
sorption of bile acid in the terminal ileum. 
Extended ileum resection to create the 
pouch may be a contributing factor. Giving 
cholestyramine sometimes improves bowel 
function. [40] 

Vitamin B12 deficiency can develop due 
to resection of the terminal 
Therefore, it is imperative to leave 15-20 
cm of the most distal terminal ileum to 
avoid this deficiency. Electrolyte abnormal- 
ities, more common in children, usually 
accompany ileal or cecum ileocystoplasty 
and manifest as a chloremic metabolic aci- 
dosis. Urea from the urine is metabolized 
into ammonium by bowel flora. The 
ammonium is then reabsorbed by the 
bowel pouch coupled with the loss of bicar- 
bonates and metabolic acidosis. This leads 
to the net reabsorption of hydrogen ion, 
ammonium, and chloride. Renal potassium 
loss leads to hypokalemia, hypocalcemia, 
and hypomagnesemia. Good renal function 
and time (atrophy of bowel mucosa in the 
pouch) ameliorate electrolyte 
metabolisms. 

Renal insufficiency may develop due to 
bacteriuria, chronic UTIs, vesicoureteral 
reflux, and unrecognized high-pressure 
bladder. [32, 41] It is independent from the 
bowel segment used for ileocystoplasty. 

Stone formation in the bladder and 
upper urinary tract was reported in 
9-15% of the patients after augmentation 
ileocystoplasty. [42] Patients on CIC, and 
those with incomplete emptying and UTIs 


ileum. 


usually 


with urease splitting bacteria, were at 
higher risk. 

Mucus formation can be up to 40 gm 
[43] and contribute to voiding dysfunction, 
UTIs, stone formation, and even bladder 
perforations. Mucus production is more 
pronounced in colonic than ileal pouches. 
[44] 

Asymptomatic bacteriuria is almost 
universal post ileocystoplasty because of 
strong adherence of the bacteria to bowel 
mucosa. It usually does 
treatment unless it is Proteus or Klebsiella 
bacteria. [45] Chronic bacteriuria has been 
considered as a risk factor for stone 
formation and voiding dysfunction. 
Prevalence of symptomatic UTIs requiring 
antibiotic range is from 5-40%. [32, 46] 

Bladder cancer has been reported in 
patients with different cystoplasty proce- 
dures. [47] The incidence of bladder can- 
cer, although higher than in the general 
population, is the same as in patients with 
neurogenic bladder. [48] 


not require 


Detrusor myectomy 
autoaugmentation 


Autoaugmentation (Fig 17.4) is achieved 
by removing the bladder muscle to allow 
the bladder mucosa to form a pseudo 
[49] This is a delicate 
procedure, requiring extensive removal of 
the detrusor. A large epithelial bulge is 
created, which functions to augment the 
storage properties of the bladder without 
using the bowel. It has been applied for 
both idiopathic and neurogenic OAB, 
although results are better in patients with 
idiopathic OAB. [49] Early reports were 
encouraging, and comparable to classical 
enterocystoplasty; [50, 51] 


diverticulum. 


however, 
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Figure 17.4 Detrusor myectomy. Ashraf Abou-Elela (2011). Source: Augmentation Cystoplasty: in 
Pretransplant Recepients, Understanding the Complexities of Kidney Transplantation, Prof. Jorge Ortiz (Ed.), 
ISBN: 978-953-307-819-9, InTech, Available from: http://www.intechopen.com/books/understanding- 
the-complexities-of-kidneytransplantation/augmentation-cystoplasty-in-pretransplant-recepients. 


long-term outcomes were less satisfactory. 
[52-54] Almost half of the patients required 
clean intermittent — self-catheterization 
afterward. [55] 

Seromuscular enterocystoplasty (Fig 17.5) 
combines autoaugmentation with entero- 
cystoplasty by covering the exposed 
mucosa-ony portion of the bladder with 
a detubularized segment of the bowel, 
devoid of mucosa. [56] The short-term 
outcomes are encouraging but the pro- 
cedure is limited to specialized centers. [20] 
Overall, there is limited data to recommend 
autoaugmentation for adults. 


Denervation procedures 


Denervation procedures have been 
applied to idiopathic OAB, in general. 
Usually, bladder denervation can be 
accomplished with injection of anesthetic 
or ablative chemicals. Dilute phenol (6%) 
has been used for injection into the 
trigone. [57] Outcomes have been very 


disappointing, sometimes resulting in 
horrific complications involving vesico- 
vaginal fistula. [58] 

Another approach utilizes surgical dis- 
section of the peripheral nerves (pelvic 
nerve). Ingelman-Sundberg denervation, 
which was initially described in 1959, 
[59] was performed during radical hyster- 
ectomy for motor urgency. In later years, 
it was modified to use a vaginal or 
combined and abdominal 
approach. [60] Although success rates 
were reported to be as high as 70%, there 
is a lack of long-term data. The denerva- 
tion procedures have never achieved 
widespread popularity. 

Sacral rhizotomy (S2-5), through an 
extra or intradural approach, has also been 
used for bladder deafferentation. The 
consequence of this procedure, however, is 
denervation of sphincteric and erectile 
function. It has been utilized with a 
Finetech-Brindley stimulator to overcome 
sphincteric activity during bladder contrac- 
tion. [61] The complexity of the procedure 


vaginal 
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Figure 17.5 The different stages of composite cystoplasty. (a) To develop a vascularized, de-epithelialized 
seromuscular segement, a Foley catheter was inserted rectally and the balloon filled with sterile water within 
the portion of sigmoid bowel to be dissected. The dissection limits of the bowel and mesentery were defined. 
(b) Using the balloon as a support, the seromuscular layer of the bowel was incized and separated from the 
lamina propria deep to the mucosa. (c) The vascularized, deepithelialized patch was isolated and received 
the autologous tissue-engineered urothelial cell sheet in complex with the Vicryl mesh. The mesenteric 
fenestration was closed to prevent internal hernia. (d) The bladder was opened widely and augmented with 
the composite bowel segment. Gentle distension of the augmented bladder was maintained with a silicone 
vesical conformer. Urine was diverted post-operatively with ureteric stents and a Malecot suprapubic 
catheter. Stages (c) and (d), respectively, are illustrated in (e) and (f) during an actual composite cystoplasty 
operation. (el) Patches of Vicryl mesh supporting urothelial cell sheets against de-epithelialized colon; (e2) 
vesical conformer (collapsed); (e3) opened native bladder; (e4) Malecot suprapubic catheter; (e5) filling tube 
for vesical conformer; (e6) detubularized colon; (e7) ureteric catheters. Turner A, Subramanian R, Thomas 
DF Hinley J, Abbas SK, Stahlschmidt J, Southgate J. Transplantation of Autologous Differentiated 
Urothelium in an Experimental Model of Composite Cystoplasty, J. Eur Urol. 2011 Mar; 59(3):447-54. 
Source: Reproduced with permission of Elsevier. (For color detail, please see color plate section). 


and technical challenges preclude this lateral aspects of the bladder wall with a suc- 
technique from gaining wide acceptance. cessful outcome reported in 74% of cases. 

Cystolysis, described by Mundy, includes Because of late-stage bladder muscle atrophy 
a transection of the posterior and postero- the procedure has been abandoned. [62] 


200 Surgery 


Urinary diversion 


Urinary diversion is an ultimate and last- 
resort treatment for patients with detrusor 
overactivity. Cases that require this form of 
treatment are often related to neurogenic 
detrusor overactivity. It should be reserved 
for patients with significant upper urinary 
tract changes, refractory to other treatment 
modalities. It may also be suggested in cases 
involving significantly disabled quadriple- 
gics. In some cases of detrusor overactivity, 
a continent diversion may be considered in 
those who are able to catheterize a conti- 
nent stoma. cystectomy 
should be contemplated at the same time as 
diversion surgery because of the high (20%) 
risk of pyocystis. [63] 


Concomitant 


Summary 


Surgical intervention in patients with idio- 
pathic or neurogenic detrusor overactivity 
is a valid therapeutic option and should be 
considered for refractory detrusor overac- 
tivity. Ileocystoplasty is considered to be 
the most effective, with minimal complica- 
tions, although any segment of the bowel 
can be considered. It is difficult to provide 
recommendations for adults regarding gas- 
trocystoplasty and ureterocystoplasty as 
data is insufficient. Denervation proce- 
dures have only historical value. 

Careful consideration should be given to 
patients’ overall medical condition, as well 
as to their family health caretakers’ expec- 
tations. Discussion should include a detailed 
description of the surgical procedure and its 
possible complications and consequences. 
The cognitive status, dexterity, and mobility 
of patients should also be evaluated. The 


final decision regarding the type of 


procedure must be tailored to patients’ 
needs and expectations as well as to the sur- 
geon’s familiarity and expertise. 
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Introduction 


Overactive bladder (OAB) can have a con- 
siderable negative impact on quality of life, 
typically resulting in embarrassment, loss of 
dignity, and a withdrawal from social activ- 
ities and interactions, [1] perhaps increas- 
ing the likelihood of social isolation, a 
significant factor associated with functional 
decline in the elderly. [2] Population-based 
surveys have shown that OAB is a common 
disorder across adult life but its prevalence 
increases in association with age. For 
example, in a cross-sectional survey of 
19 165 adults in Canada, Germany, Italy, 
Sweden, and the United Kingdom (the 


e Overactive bladder (OAB) can have a considerable negative impact on quality of life, typically re- 
sulting in embarrassment, loss of dignity, and a withdrawal from social activities and interactions. 


Treatment of OAB in older people often requires multi-component interventions in the manner 


Consideration should be given to those conditions and medications that might be amenable to 
treatment or alteration which might have a beneficial effect on the continence status of an older 


Although there continues to be a paucity of clinical intervention evidence relating to the frail 
elderly, there is no reason to assume that interventions which are proven to be effective in 
community dwelling older people might not be effective for them. 


EPIC study) the overall prevalence of OAB 
was 11.8%. The overall rates were similar 
between men and women, and increased 
with age; urgency was reported in 19.1% of 
men and 18.3% of women aged 60 years or 
over. In a population-based survey of 5204 
adults in the United States (the NOBLE 
study), the overall prevalence of OAB was 
16% in men and 16.9% in women; the 
increase in prevalence was age-related. [3- 
5] Available evidence from longitudinal 
studies suggests that OAB symptoms appear 
to progress in association with age, in terms 
of prevalence and severity, in both men and 
women. In men interviewed in 1992 and 
again in 2003, the proportion of men with 
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OAB increased from 15.6 to 44.4% and the 
proportion with urgency 
increased from 1.9 to 7.4%.[6] A similar 
pattern was observed in women over a 16- 
year period with a marked overall increase 
in the prevalence of urgency incontinence, 
from 17 to 26%. [7] 

OAB has a proven negative impact on 
health related quality of life (HRQL) and 
affected people score significantly worse 
than their age matched counterparts 
without OAB in domains of physical and 
social functioning. [8, 9] Apart from the 
impact attributable to its lower urinary 
tract symptoms, OAB is associated with a 
number of health-related problems in older 
people. Published data show an increased 
risk of falls and fractures, sleep disturbance, 
depression, urinary tract infection, and risk 
of institutionalization associated with 
urinary incontinence. [10, 11] Older people 
affected by OAB also constitute a difficult 
to treat group that receives less optimal 
management than their younger counter- 
parts. Finding a well-tolerated treatment in 
these patients who often have concomitant 
co-morbidities and take multiple medications 
is difficult. Treatment of this condition in 
older people often requires multi-component 
interventions in the manner of a typical 
geriatric syndrome. 


incontinence 


Who are the elderly? 


Whereas aging for many is characterized as 
“a progressive, generalized impairment of 
function resulting in a loss of adaptive 
response to stress (loss of biological reserve) 
and in a growing risk of age-associated 
disease,” [12] there has been a change in 
the physical wellness of older people in the 
“baby boomer” generation which has led 


to reductions in late life disability. [13] 
Chronological age is not a useful marker 
with which to label such a heterogeneous 
group; some people at age 60 may be 
afflicted with multiple chronic diseases, 
whereas one may often encounter people 
aged 90 at a high level of physical and 
mental functioning without co-morbidity. 
A simple distinction might be drawn bet- 
ween the robust and frail elderly. Frailty as 
a concept has a number of definitions 
which center on the concept of biological 
reserve. The “frailty phenotype” combines 
impaired physical activity, mobility, 
balance, muscle strength, motor processing, 
cognition, nutrition, and endurance. [14-16] 
It is not identical to disability and the 
presence of co-existing disease (co-mor- 
bidity). In a study of older people meeting 
strict “phenotypic” criteria for frailty, 22% 
of the sample also had both co-morbidity 
and disability; 46% had co-morbidity 
without disability; 6% disability without 
co-morbidity, and 27% had neither. [15] 
Frailty may also be defined in a more 
mechanistic fashion, by summing the total 
number of pre-existing biomedical and 
social co-morbidities existing in each 
person; this frailty index predicts death, 
disability, and hospitalization. Frail people, 
however defined, have a higher risk of 
intercurrent disease, increased disability, 
hospitalization, and death than those 
without frailty. [17] 


Overactive bladder - 

pathophysiology in older 
people 
Urgency incontinence, or overactive 
bladder, is the commonest cause of urinary 
incontinence in older people. Urinary 
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urgency becomes increasingly prevalent in 
late life and is probably the result of an 
interaction between bladder and lower 
urinary tract dysfunction and a diminution 
of central control of urgency as much as 
the phenomenon being related to bladder 
disease. When considering the evidence 
for age-related changes in lower urinary 
tract function in older people, data are 
often limited to either cross-sectional 
studies or studies in older people with 
lower urinary tract symptoms without 
either age matched cases or controls. 
Normal aging changes are difficult to study, 
because data including large numbers of 
individuals spanning decades are necessary 
to definitively separate “normal aging” from 
confounding factors and co-morbidity. 
Cross-sectional studies are subject to 
confounding by co-morbidity and time- 
dependent cohort effects. Thus, 
studies actually describe “age related” asso- 
ciations rather than changes which occur 
with normal aging. Our state of knowledge 
of normal function is often similarly limited, 
but where they exist, cystometric data 
reveal an increased prevalence of detrusor 
overactivity in older people, coupled with a 
reduced bladder capacity, smaller voided 
volume, reduced sensation of filling, and 
increased prevalence of ineffective voiding. 
[18-21] In many older people, detrusor 
overactivity and impaired emptying often 
a condition termed detrusor 


many 


co-exist; 
hyperactivity with impaired contractility 
(DHIC). [22-24] In these cases, the bladder 
does not empty efficiently in the absence of 
any outlet obstruction; as much as this is a 
true entity it is likely that it is simply a 
reflection of two common conditions which 
occur together frequently. 

Ultrastructural studies of the bladder 
demonstrate cellular changes associated 


with age-related changes in detrusor 
function. One series involved comparisons 
of the symptomatic and asymptomatic 
aged 65 to 96, using urodynamic testing 
and electron microscopy of bladder biopsy 
specimens. [25-30] A consistent correla- 
tion between specific urodynamic findings 
and bladder ultrastructure was observed, 
although there has been considerable 
debate about the veracity of these findings 
and they have been disputed by the 
findings of a later study which found the 
ultrastructural changes described evenly 
distributed between specimens from those 
with normal bladders and those showing 
detrusor overactivity. [31] 

There is increasing evidence for urgency 
incontinence in older people being a reflec- 
tion of alteration of central control as much 
as an end organ disease. Functional PET 
scanning in young, healthy volunteers 
shows that the periaqueductal gray matter 
(PAG), pons, and ventral and dorsal por- 
tions of the pontine tegmentum are active 
during bladder filling. [32] Functional MRI 
studies in older people suggest that failure 
of activation in areas of the brain relating 
to continence, such as the orbitofrontal 
regions and the insula, may lessen the 
ability to suppress urgency, [33] and 
patients with multiple sclerosis who have 
lesions in the PAG are more likely to have 
urinary symptoms than those without. 
[34] There is a known association between 
vascular risk factors and LUTS, [35] and 
the presence of white matter hyperintensi- 
ties within periventricular and subcortical 
regions of the brain is associated with 
functional and cognitive impairment, an 
increased incidence of urinary urgency and 
detrusor overactivity, and a difficulty in 
maintaining continence on cystometry. 
[36, 37] Damage to the anterior thalamic 
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radiation appears to be significantly associ- 
ated with incontinence and does not need 
to be bilateral to cause the problem. 
Response to bladder filling in the dorsal 
anterior cingulate gyrus and adjacent 
supplementary motor area is abnormally 
pronounced in patients with urgency 
[33, 38] Whether the 
incidence of incontinence can be altered 
through aggressive vascular risk factor 
control is not known, but there is a sugges- 
tion that, in those with the highest white 
matter hyperintensity load, high dose 
statins and control of hypertension may be 
associated with lesion regression. [39] 


incontinence. 


Multi-morbidity 


Multi-morbidity in older people is the norm. 
The number of people with more than one 
life altering chronic medical condition 
increases in association with age and in the 
seventh decade of life, only 20% of people 
will be without co-morbid conditions. Co- 
existing medical conditions have the poten- 
tial to have an adverse impact on an older 
person’s experience of urinary incontinence 
and OAB. In studies, the presence of incon- 
tinence as defined by the use of continence 
pads was positively associated with one or 
more geriatric syndromes such as falls, 
impaired mobility, or cognitive impairment. 
[40] Clearly those conditions which affect 
mobility will render urgency more difficult 
to deal with; conditions which have an 
impact on fluid handling, such as heart 
failure or other salt and water retaining 
conditions, will also place additional stress 
on “the system” and may make OAB symp- 
toms “ Consideration should be 
given to those conditions which might be 
amenable to treatment and which might 


worse.” 


Table 18.1 Co-morbid conditions affecting 
continence status 


e peripheral vascular e Stroke 

disease e Dementia 
e diabetes mellitus e Diffuse Lewy body 
e congestive heart failure (DLB) disease 
e venous insufficiency e Parkinson's disease 
e chronic lung disease e Normal Pressure 


falls and contractures 


Hydrocephalus 
Recurrent infection 


obesity 
impaired mobility e Constipation 


Source: Ouslander, J.G. and J.F. Schnelle, Incontinence 
in the nursing home. Ann Intern Med, 1995. 122(6): 

p. 438-49. McGrother C, Donaldson M. Continence in 
Health Care Needs Assessment http:/Avww.hcna.bham. 
ac.uk/documents/02_HCNA3_D3.pdf. 


have a beneficial effect on the continence 
status of an older person (Table 18.1). 
Needless to say, there is little evidence of 
beneficial impact in the literature and much 
is a result of custom and practice. However, 
there is increasing evidence for the benefits 
of exercise in older people, ranging from the 
community dwelling to institutionalized 
elderly. [41, 42] Clearly, improving gait 
speed and stamina alone may be enough to 
allow an older person to deal with urinary 
urgency and make it to the bathroom on 
time, as much as altering the underlying 
pathophysiology of OAB. 


Polypharmacy 


The other key feature that perhaps charac- 
terizes older people is the number of med- 
ications they take. Those over 65 years 
of age comprise between 12-16% of the 
population in the USA, UK, and Canada but 
consume 32, 50, and 45% of prescribed 
medications respectively. [43-46] This is 
of importance in dealing with urgency 
incontinence in the elderly for two reasons; 
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firstly, a number of medications may them- 
selves exacerbate either lower urinary tract 
symptoms or incontinence and secondly, a 
reduction in the number of medications 
with anticholinergic properties taken by a 
cognitively at risk older person may be 
desirable if an antimuscarinic needs to be 
prescribed to manage OAB. The possibility 
that UI could be caused by a medication 
should be taken into account before 
prescribing drug treatment for UI in older 
persons. In one study, the risk of difficulty in 
controlling 
dwelling older women taking medications 
with LUT effects was about 30% higher 
compared to those who did not take such 
medications (OR 1.31 (95% CI 1.05-1.21)). 


urination in community 


Overall, 20.5% of these women reported 
incident incontinence at Year 4 (three years 
from baseline). In a report from the Health, 
Aging and Body Composition Study, which 
examined 959 elderly community dwelling 
women, multi-variate logistic regression 
analyses revealed that current users of alpha 
blockers (adjusted odds ratio (AOR) =4.98, 
95% confidence interval (CI) =1.96-12.64) 
and estrogen (AOR=1.60, 95% CI=1.08- 
2.36) had a greater risk of urinary inconti- 
nence than non-users. There was no greater 
risk of UI associated with current use of 
anticholinergics, central nervous system 
medications, or diuretics. [47] Medications 
that potentially increase the likelihood of 
continent toileting are shown in Table 18.2. 


Table 18.2 Medications with potential to worsen urinary incontinence 


Medication 


Potential or actual effect 


a adrenoreceptor antagonists 


Decrease smooth muscle tone in the urethra and may 


precipitate stress urinary incontinence in women 


Angiotensin converting enzyme (ACE) inhibitors 
Agents with antimuscarinic properties 


Cause cough that can exacerbate stress urinary incontinence 
May cause ineffective voiding and constipation that can 


contribute to incontinence. May cause cognitive impairment 
and reduce effective toileting ability (high dose, cognitively 


Calcium channel blockers 


Cholinesterase inhibitors 


Diuretics 

Lithium 

Opioid analgesics 
Tramadol 


Psychotropic drugs 

Sedatives, Hypnotics, Antipsychotics 
Histamine, receptor antagonists 
Selective serotonin 

re-uptake inhibitors (sertraline identified) 
Gabapentin 

Glitazones 

Non-steroidal anti-inflammatory agents 


at risk) 

May cause constipation (verapamil) that can contribute to 
incontinence. May cause dependent oedema (amlodipine, 
nifedipine) which can contribute to nocturnal polyuria 
Can precipitate urgency incontinence through cholinergic 
action 

Cause diuresis and precipitate incontinence 

Polyuria due to diabetes insipidus like state 

May cause constipation, confusion, and immobility — all of 
which can contribute to incontinence 

Associated with constipation and impaired emptying 

May cause confusion and impaired mobility and precipitate 
incontinence 

Most have anticholinergic effects 

Increase cholinergic transmission and may lead to urgency 
urinary incontinence 

Can cause oedema, leads to polyuria while supine and 
exacerbate nocturia and nighttime incontinence 
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Cholinesterase inhibitors 


Of particular interest is the use of cholines- 
terase inhibitors (CEI) for Alzheimer’s 
disease. These drugs are associated with an 
increased risk of urinary urgency and 
urgency evidence comes 
from individual case reports and then a 
case series of 216 consecutive patients 
with probable Alzheimer’s disease. [48-50] 
Cholinesterase inhibitor treatment was 
associated with a 7% risk of new inconti- 
nence: the highest risk was seen in those 
with the most behavioral problems, with a 
lower risk in those who responded to 
treatment. Further evidence for an interac- 
tion between anticholinergics and CEIs 
comes from a database study of nursing 
home residents. [51] Residents with 
dementia, newly treated with cholines- 
terase inhibitors, were more likely to be 
prescribed a bladder anticholinergic than 
those residents with dementia not given a 
cholinesterase inhibitor. Intuitively, one 
might think that the use of a bladder anti- 
muscarinic with a cholinesterase inhibitor 
might not only fail to improve OAB (taking 
that the CEI is producing benefit and 
cannot be stopped) but also cancel out any 
improvement in cognitive status. Things 
are not so clear cut, however, and there is 
some moderate quality evidence which 
might guide concomitant treatment. In 
one study, use of antimuscarinics (extended- 
release oxybutynin and tolterodine) and 
cholinesterase inhibitors in nursing home 
residents was associated with a decline in 
ADL function in the most functionally 
able residents but there was no detected 


incontinence; 


worsening of cognition, this may however 
have been because the cognitive measure 
(MDS-COG) was inadequately sensitive. 
More importantly, there was no case of 


delirium observed. [52] In a study of 46 
subjects with UI and dementia to assess the 
cognitive impact of trospium chloride in 
older people treated with galantamine 
over a six-month period, no effect on 
cognition or ADL was detected over the 
duration of the study. A within group 
analysis demonstrated an improvement in 
nocturia and reduction in pad use in this 
combination group. [53] Finally, a small 
study reported some positive effect of the 
treatment of UI with propiverine in sub- 
jects with probable Alzheimer’s disease 
taking cholinesterase inhibitors. [54] The 
current weight of evidence appears to be 
that a positive outcome in terms of 
bladder control can be achieved without a 
significant detriment in either cognition or 
ADL, but a prospective trial has yet to be 
done. An early review of the effect of the 
drug on continence and cognitive status 
should be performed to ensure safe and 
effective prescribing. 


Lifestyle, behavioral, and 
conservative therapies for 
OAB in older people 


Alterations in lifestyle, behavioral tech- 
niques, and conservative management 
are recommended prior to more invasive 
therapies in most national and interna- 
tional guidelines for the management of 
incontinence and OAB. Such recommen- 
dations are, needless to say, made in the 
light of a paucity of data from older and 
frail older people. However, for the robust 
elderly, there is no reason to suspect that 
interventions which work in the middle 
aged and community dwelling elderly 
should not be effective in the less robust. 
Attention should be paid, however, to the 
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nature of the intervention, the wishes and 
expectations of the patient, and — where 
relevant — those of the caregiver. Several 
lifestyle interventions for OAB have been 
evaluated in healthier older and younger 
women, including dietary modification, 
fluid selection and management, and 
constipation management. [55-57] Some 
of these interventions may be inappropriate 
or impractical to use in frail older people, 
yet advanced age alone should not pre- 
clude their use if assessment warrants this. 
Inadequate fluid intake and dehydration 
are common in older people, more so in 
those who limit their fluid intake for fear 
of leakage or urgency, and the dangers of 
dehydration and orthostatic hypotension 
probably outweigh those of OAB. Three 
studies in older people that examined 
increasing or normalizing fluid intake in 
older people suggested that this might 
improve general UI. [58-60] For example, 
caffeine reduction, recommended in some 
guidelines and based upon evidence of 
only moderate quality, is often difficult to 
achieve in practice and the benefits of so 
doing often limited. Behavioral techniques 
for UI in older people have not been specif- 
ically targeted at OAB, other than those 
utilizing bladder retraining, for which data 
are few and often combined with other 
interventions. A Cochrane review recom- 
mends bladder retraining as an appropriate 
first-line conservative intervention, but 
notes the relatively low quality of data and 
the wide variation in regimens employed. 
[61] Behavioral techniques, 
learning, aim at increasing spontaneous 
toileting and improving continence in 
frail older people. The “gold standard,” 
prompted voiding, often combined with 
functional exercise training to improve gait 
speed and stamina, has proved to be 


requiring 


effective in frail older adults and is recom- 
mended for those capable of learning. A 
three-day trial should ideally lead to a 30% 
reduction in the need for wet checks and 
an increase in spontaneous toileting, but if 
this is not achieved then a return to “check 
and change” is recommended. [62, 63] 
Behavioral techniques in residential long- 
term care are difficult to maintain, given 
current staff to resident ratios and the 
intensity of intervention required to 
sustain the associated benefits. All of the 
available techniques — prompted voiding, 
[64] habit retraining, [65] and timed void- 
ing [66] — require active participation of a 
caregiver, limiting their applicability to all 
older people. 


Pharmacological 
interventions for older 
people 


Older people appear to experience more 
severe disease than younger people. [67, 
68] The oldest old, those over 75 years of 
age, also appear — from at least two pooled 
analyses of drug treatment for OAB — to 
require higher doses of medication to 
achieve maximal benefits of drug therapy. 
[69, 70] The reason for this may be due to 
pathophysiology at the more severe end of 
the spectrum; that older people are less 
able to perform or persist at behavioral and 
other conservative measures, or that 
higher serum levels of drug are required 
for symptom control despite a reduction in 
the density of bladder muscarinic recep- 
tors. Whatever the reason, the need for 
anticholinergic drug therapy in older 
people is often under-recognized and OAB 
under-treated. There is an understandable 
concern about adverse effects from 
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medication, from which older people are 
more likely to suffer, leading to higher 
withdrawal rates from treatment but also 
concerns regarding falls, adverse cognitive 
effects, and the precipitation of delirium. 
Bladder antimuscarinics are included in 
the most recent Beer’s criteria for poten- 
tially inappropriate medication use in older 
adults; for those with chronic constipation, 
dementia, or at risk of delirium. [71] There 
is, however, an increasing amount of data 
concerning the absence of effect on falls 
and precipitation of delirium in older 
people when treated for OAB, which 
should help to reassure those who are 
perhaps over cautious in their approach to 
treatment. [72, 73] 

Specific age-related changes in phar- 
macokinetics, alteration in drug absorption, 
distribution, metabolism, and clearance, and 
their potential effect on UI drugs, include 
alterations in volumes of distribution 
depending upon changes in lean body 
mass and the relative lipophilicity of com- 
pounds, alterations in hepatic metabolism 
reductions in renal clearance, and an 
increase in the permeability of the blood- 
brain barrier. Whereas medication phar- 
macokinetics studies in older adults are in 
limited numbers, there are few, if any, 
studies involving the oldest old or those 
with significant co-morbidity. Older people 
are therefore at higher risk of ADEs from 
antimuscarinics because of age and co- 
morbidity-related changes in muscarinic 
receptor number and distribution, blood- 
brain barrier transport, and drug metabo- 
lism. The majority of data on the efficacy of 
antimuscarinics in older people comes 
from pooled analyses of trials involving 
community dwelling older adults. Only 
relatively recently have we seen trials 
prospectively planned to recruit and 


retain older people and report on efficacy 
and safety of agents. Even so, the majority 
of these trials are short lasting, usually 
12-week randomized placebo-controlled 
trials, with only two open-label exten- 
sions. Data on more complex older people 
come from two trials of oxybutynin 
immediate- [74] and extended-release, 
[75] and, more recently, from a study of 
fesoterodine. [76] 


Oxybutynin 


In long-term care residents who had failed 
prompted voiding alone, the addition of 
titrated oxybutynin-IR resulted 
significant but modest reduction in incon- 
tinence versus placebo. [74] The need for 
wet-checks did not differ between 
treatment arms, leading the authors to 
conclude that the improvement was not 
clinically significant. One or fewer epi- 
sodes of daytime UI was achieved by 
40% on drug but only 18% on placebo 
(p<0.05). In a randomized two-month 
trial in frail community dwelling older 
people, bladder 
training was superior to bladder training 
alone in improving urinary frequency but 
not UI. [77] A study in 416 community 
dwelling older persons found 68% reported 
a partial or complete symptomatic cure 
with 2.5mg three times daily; 30% of 
subjects experienced ADEs, but only 10% 
withdrew because of them. [78] Only one 
RCT in frailer older people examined 
the efficacy of oxybutynin-ER but was 
underpowered. [75] In agreement with 
other meta-analyses, [79] 
was associated with a higher incidence 
of adverse effects than the other, newer, 
antimuscarinics. 


in a 


oxybutynin-IR plus 


oxybutynin 
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Tolterodine 


Older patients in tolterodine ER studies 
were all community dwelling, although 
several trials include elderly persons in 
their ninth and tenth decades, the mean 
age of participants was much 
(64 years) and results were not stratified by 
age. Overall, studies showed efficacy of 
tolterodine when compared with placebo 
over the typical 12 weeks of the study. 
[80-82] In a secondary analysis of a large, 
open-label German trial of tolterodine- IR 
2mg twice daily, higher age was signifi- 
cantly associated with “less favorable 
[83] the absolute 
difference in odds was only 0.019, there 
was no association of tolerability with age, 
only mean age is described, and UI fre- 
quency was based on patient report — not 
bladder diaries, all of which fail to add up 
to a clinically meaningful difference. A trial 
of one-year duration of the addition of 
tolterodine ER 4mg to alpha blocker or 5 
ARA therapy in older men (mean age 
74.9 years) resulted in a between group, 
statistically significant, decrease in the 
storage symptom score on the IPSS. [84] 


lower 


efficacy.” However, 


Darifenacin 


The first large pre-planned study of newer 
antimuscarinics in older people was of dari- 
fenacin for OAB in persons aged 265 (mean 
72), in which there was no statistically 
significant difference between drug and 
placebo for the primary endpoint, UI fre- 
quency. There were statistically significant 
improvements with the drug for frequency 
of micturition and quality of life. [85] A 
two-year extension study in subjects>65 
was reported, showing maintenance of 


OAB symptom improvement, with 44.4% 
patients achieving>or=90% reduction in 
episodes for the 64% 
(137/214) subjects remaining in the study. 
[86] The potential for cognitive adverse 
effects has been prospectively studied. In a 
three-period crossover RCT in 129 older 
subjects, mean age 71 — of whom 88% had 
co-morbid medical conditions and 93% 
were on other medications — cognition was 
assessed using a standardized computerized 
test battery. Darifenacin did not adversely 
affect cognition compared to placebo. [87] 
A subsequent study in cognitively intact 
older people (1=49, mean age 66) com- 
pared titrated darifenacin and oxybutynin- 
ER with placebo over threeweeks. 
Oxybutynin-ER but not darifenacin or 
placebo adversely affected delayed recall 
on the Name-Face Association test. [88] 


incontinence 


Fesoterodine 


Fesoterodine is a pro-drug which is rapidly 
and completely metabolized to 5-hydroxy- 
methyl tolterodine, the main active 
metabolite of tolterodine. A pharmacoki- 
netic study which included older people 
found no clinically meaningful effect on 
5-HMT pharmacokinetics or pharmacody- 
namics after single dose administration of 
fesoterodine 8mg. [89] The efficacy of 
fesoterodine has also been studied in a 
European trial (SOFIA) in 794 elderly 
men and women with OAB: [90] 46% of 
subjects reported urgency incontinence 
episodes at baseline, and 64% had prior 
treatment with antimuscarinics. At week 
12, the improvement from baseline in 
urgency episodes, micturition frequency, 
nocturnal micturition, treatment benefit 
scales, and incontinence pad use all were 
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statistically significantly greater with fes- 
oterodine than with placebo. A 12-week 
open-label follow-up study revealed a 
maintained efficacy amongst those on fes- 
oterodine and an achievement of similar 
effect on those switched from placebo to 
fesoterodine, with no unexpected safety 
concerns. [91] Fesoterodine has also been 
tested in medically complex older people 
as assessed by the Vulnerable Elders 
Survey-13, [92] which identifies those at 
risk of death in the following two years. 
This 12-week double-blind, placebo-con- 
trolled study including 562 people of mean 
age 75 years resulted in mean reductions 
in UUI episodes and 24-h micturition fre- 
quency at week 12 versus placebo. [76] 
The commonest treatment-related adverse 
events across all of these studies were dry 
mouth reaching — at maxima — 33% in the 
SOFIA study, and constipation at 11.1% in 
the vulnerable elders study. The cognitive 
safety of fesoterodine has been assessed in 
a single study of cognitively intact older 
subjects, using alprazolam as an active 
control, and placebo. There were no statis- 
tically significant changes in performance 
on a computer assisted battery of cognitive 
tests at either dose of fesoterodine versus 
placebo. [93] 


Solifenacin 


A secondary analysis of pooled Phase III 
data in patients aged 65 and older (all 
community dwelling, mean age 72) found 
similar efficacy to that reported for younger 
and middle aged persons. However, direct 
comparison with subjects <65 yrs from the 
same pooled trials was not done. [69] Data 
from an open-label, 12-week trial in 
patients treated by community urologists 


found that overall treatment-emergent 
adverse events were more likely in patients 
aged>80years and taking concomitant 
medications. A post hoc subgroup analysis 
on tolerability of solifenacin versus oxybu- 
tynin in older subjects reported that the 
incidence and severity of adverse events 
with solifenacin were similar between 
younger and older patients. Solifenacin 
5mg/day was associated with 
episodes and lower severity of dry 
mouth, and a lower discontinuation rate. 
[94] Solifenacin showed no evidence of 
impaired cognition or self-ratings of mood 
and alertness versus placebo in an explor- 
atory study in 12 cognitively intact older 
subjects, and in a three-way crossover 
design the cognitive effects of chronic 
dosing of 5mg solifenacin, placebo, and 
5mg bid of oxybutynin were compared in 
23 older subjects with mild cognitive impair- 
ment. There was no statistically significant 
effect on cognition of solifenacin versus 
placebo. Oxybutynin 5 mg bid was associ- 
ated with impairment in power and speed 
of attention in a post hoc analysis of pooled 
time points at 1+2h post dose. [95] 


fewer 


Trospium chloride 


Although promoted for use in the elderly 
because of the reduced likelihood that 
the drug crosses the blood-brain barrier, 
trospium has only systematically been 
evaluated in “younger elderly,” and results 
have not been stratified by age. [96] The 
effect of 60mg trospium chloride once 
daily over 10 days on either learning or 
memory was assessed in 12 cognitively 
intact older people with no observable 
change in standardized testing. Additionally, 
no trospium was detectable in the CSF of 
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the subjects at day 10. [97] As part of a 
larger study of trospuim chloride 20mg 
bid, 26 patients with UUI and dementia, 
were treated with galantamine and tros- 
pium. There was no observable decrement 
in either cognition, measured by MMSE, 
or ability in terms of activities of daily 
living in the dually treated group and some 
improvement in continence outcomes. [53] 


Propiverine hydrochloride 


In 46 patients with dementia (mean age 
81), there was a 40% decrease in urgency 
UI with propiverine 20 mg/day for 2 weeks, 
similar to two small Japanese trials and a 
German trial in 98 patients. [58, 98-100] A 
further study on cognition, only published 
in abstract form, revealed no observable 
change in MMSE over 12 weeks treatment 
in men and women>7Oyears of age, 
including those with lower MMSE scores. 
There was neither formal diagnosis of 
MCI, nor formal reporting of adverse 
events. [101]. 


Mirabegron 


There are data on the comparative phar- 
macokinetics of mirabegron, a beta adre- 
noreceptor 3 agonist. In this study, there 
were no statistically significant differences 
in mirabegron exposure between older 
volunteers aged 55 years and above and 
younger volunteers (18-45 years). Similar 
results were obtained for those aged 65 
years and above. AUC was predicted to be 
11% higher in a subject aged 90 years of 
age. Data on efficacy in patients over 65 
years of age come from pooled analyses of 
registration trials and additional safety data 


from longer term extension studies. Primary 
efficacy outcomes were change from 
baseline to final visit in mean number 
of incontinence episodes/24hours and 
mean number of micturitions/24 hours. 
Tolerability was assessed by the incidence 
of treatment-emergent adverse events. 
Mirabegron at 25mg (US/Canada) and 
50mg (elsewhere) once-daily reduced the 
mean numbers of incontinence episodes 
and micturitions/24 hours from baseline to 
final visit. Mirabegron was well tolerated: 
in both age groups, hypertension and 
urinary tract infection were among the 
most common adverse events over 12 weeks 
and | year. [102] 


Botulinum toxin 


There is one open-label uncontrolled study 
which has examined the short-term use of 
botulinum toxin in 21 patients over the 
age of 75 years. [103] There was no report 
of co-morbidity and subjects described as 
refractory to or intolerant of anticholinergic 
medications without detail were included, 
suggesting considerable selection. After 1 
month of treatment of the 21 patients, 16 
(76.2%) had greater than 50% improve- 
ment in symptoms after one treatment 
with 200 units of onabotulinumtoxinA. 
The mean duration of efficacy, defined as 
the interval until symptoms were greater 
than 50% of the pre-treatment baseline, 
was 7.12months. There was no reported 
urinary retention. 

Otherwise, community dwelling older 
persons have been included in clinical 
trials but results have not been reported 
separately. [104] The main concern with 
the use of this therapeutic modality in 
frailer older people is the risk of ineffective 
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voiding post-procedure and the need for 
the patient to undertake clean intermittent 
self-catheterization until the effect of the 
botulinum toxin has worn off. Older peo- 
ple with detrusor overactivity have a true 
reduction in detrusor contractility, in 
addition to the impaired bladder emptying 
seen in association with later life, probably 
due to the accumulation of connective 
tissue in the bladder wall and its “damping 
effect.” [105-107] The lower, 100 unit, 
doses of botulinum toxin used more 
recently for idiopathic overactive bladder 
may, in fact, lend its use to managing the 
condition in older people, without an 
observed increase in impaired emptying. 
There are certain groups for whom botu- 
linum may be of benefit, particularly those 
with degenerative neurological disease 
such as Parkinson’s disease, [108] who are 
sensitive to adverse events with anticho- 
linergic medications, but the value of this 
intervention must be balanced against the 
problems of impaired dexterity should 
urinary retention be precipitated. 


Summary 


Overactive bladder is a significant problem 
for many robust and frail older people. 
There are distinct alterations in the patho- 
physiology of OAB in older people about 
which knowledge is slowly accumulating, 
which aids our understanding of the 
condition and may, in future, shed light on 
targets for prevention. Although there 
continues to be a paucity of clinical 
intervention evidence relating to the frail 
elderly, there is no reason to assume that 
interventions which are proven to be effec- 
tive in community dwelling older people 
might not be effective for them. Robust 


and frail older people tend to have multi- 
morbidity and polypharmacy, both factors 
which need to be taken into account when 
managing their OAB. 
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CHAPTER 19 


Bladder outlet obstruction 
and the overactive bladder 


Nadir I. Osman and Christopher R. Chapple 
Department of Urology, Royal Hallamshire Hospital, Sheffield, UK 


KEY POINTS 


prostatic hyperplasia in men. 


the bladder wall induced by ischemia. 


de-obstruction. 


come. 


underlying abnormalities. 


e Overactive bladder (OAB) frequently co-exists with bladder outlet obstruction due to benign 


e OAB, detrusor overactivity, and bladder outlet obstruction all increase in frequency with aging. 


e Bladder outlet obstruction may induce OAB through morphological and functional changes in 

e TURP may improve OAB symptoms by de-afferentiation of prostatic neurons rather than 

e OAB symptoms and detrusor overactivity fail to resolve in approximately one third of patients 
after transurethral resection of the prostate (TURP), despite resolution of BOO. 


e Persistent OAB symptoms after bladder outlet surgery are associated with an unfavorable out- 


e If OAB symptoms do not resolve with conservative management, a urodynamic study is 
recommended before any invasive therapy is considered due to the wide range of possible 


Introduction 


Lower urinary tract symptom (LUTS) are 
highly frequent in the male population, [1] 
affecting around 30% of older men, 8% of 
whom require surgical treatment for 
bladder outlet obstruction (BOO). [2] Most 
commonly, BOO occurs as a consequence of 
encroachment onto the urethral lumen by 
an enlarged prostate gland due to benign 


prostatic hyperplasia (BPH). [3] Usually this 
manifests as voiding LUTS such as weak 
flow and intermittency. Many patients also 
complain of storage LUTS such as urinary 
urgency, frequency, nocturia, and urgency 
urinary incontinence (UUI) which are often 
more bothersome. [4] When urgency with 
or without UUI is present, these symptoms 
are termed Overactive Bladder (OAB), an 
important subset of storage LUTS that is 
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highly correlated with another principle 
urodynamic diagnosis in men: detrusor 
overactivity (DOA). [5] Although it has 
long been a tenant of urological teaching 
that OAB symptoms in men arise as a result 
of BOO caused by BPH, it is apparent that 
the presence of OAB/DO cannot always 
be explained by BOO. In this chapter we 
discuss the relationship between BOO and 
OAB/DOA, in light of the epidemiological, 
animal, and clinical data, and its relevance 
to the evaluation and treatment of patients 
with OAB. 


Bladder outlet obstruction 
Male BOO is a common, well-studied and 


characterized phenomenon. Its accurate 
diagnosis requires a pressure—flow study as 


Filling phase 


a low flow rate and raised post-voiding 
residual could equally arise from an under- 
active detrusor in the absence of BOO. In 
men undergoing urodynamic studies for 
non-neurogenic LUTS, BOO is found in 
approximately one third. [6, 7] The finding 
of a high-pressure low-flow pattern is diag- 
nostic (Figure 19.1). From historical series 
of men undergoing bladder outlet surgery, 
standardized nomograms have been devel- 
oped which allow the determination of 
whether a patient’s pressure-flow study 
shows obstruction. Of these, the interna- 
tional continence society (ICS) nomogram 
is the most widely accepted. [8] By plotting 
the maximal flow rate (Qmax) against 
the detrusor pressure at maximal flow 
(PdetQmax), a given void can be classed 
into one of three categories; unobstructed, 
equivocal, and obstructed (Figure 19.2). 


Void phase 


`L J (b) 


25ml/s 


Flow 


Figure 19.1 Typical Pressure-flow study of an elderly male with OAB and voiding LUTS demonstrating 
(a) phasic systolic DO and (b) high pressure low flow voiding. 
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Figure 19.2 The ICS nomogram By plotting the maximal flow rate (Q 


at maximal flow (Pa Qna) 
Source: Modified from Abrams 1999 [8]. 


The most frequent cause of BOO in men 
is BPH; the non-malignant histological 
expansion of the stromal and epithelial 
components of the prostate gland. BOO 
arising due to BPH has been conceptual- 
ized as consisting of two components: static 
(due to the bulk effect of the prostatic 
tissue) and dynamic (due to the tension 
exerted by smooth muscle). 

BOO due to BPH is considered a com- 
pressive (flexible) obstruction according to 
Schafers description of the passive urethral 
resistance relation (PURR) curve. [9] In 
this type of obstruction the detrusor open- 
ing pressure, the detrusor pressure at the 
very start of flow, is raised but then subse- 
quently little further pressure is needed to 
increase the flow rate. In the alternative 
type of obstruction, termed constrictive, 
the opening pressure is normal but then 
increasing pressure is required to increase 
the flow rate. This is seen with fixed 
anatomical obstructions, such as urethral 
stricture, meatal stenosis, and the tight 
fibrotic prostate. 


against the detrusor pressure 


max) 


, a given void can be classed as unobstructed, equivocal or obstructed. 


The relationship between 
bladder outlet obstruction 
and overactive bladder 


OAB/DO has long been assumed to arise 
as a consequence of BOO. Hunter, 
writing in the eighteenth century, noted 
that “the diseases of the bladder arising 
from obstruction and its consequence is 
an increase irritability, by which the 
bladder admits of little distention because 
quick its action ...” This supposition was 
supported by a range of animal models 
demonstrating DOA after experimental 
BOO, yet the epidemiological, clinical, 
and empirical data suggests that the rela- 
tionship between BOO and OAB is more 
complex. 

A multitude of studies in a range of 
non-primate mammals have consistently 
demonstrated non-voiding detrusor con- 
tractions following experimental BOO. 
However, there are several important 
factors that limit the extrapolation of 
such data to the human situation. The 
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methods of inducing BOO commonly 
entail implanting a ring around the 
animal’s urethra which, as the animal 
grows, causes a constriction and urethral 
obstruction. This contrasts to the common 
scenario in man, which is a compressive 
prostatic obstruction. Moreover, the obstr- 
uction often occurs rather acutely, whereas 
BPH and urethral stricture presumably 
cause a gradual obstruction over months 
to years. Additionally, young female ani- 
mals are often studied rather than older 
males. Finally, in most non-primate mam- 
malian species, particularly rodents, there 
is a considerable non-cholinergic non- 
adrenergic component to the functional 
innervation of the bladder as contrasted 
to the predominant cholinergic innerva- 
tion in man. 

In men, both OAB and BPH increase in 
[10, 11] Large 
population studies have shown that OAB is 
equally as common in women and shows 
an almost identical age-related increase in 
prevalence. [10] Whereas in men the 
increase could be explained by the effect of 
BPH, the absence of an analogous cause of 
BOO in women suggests a pathogenesis 
related to the aging process. Indeed aging 
was found to be an independent predictor 
of DOA in men with LUTS due to BOO 
suggesting it is an important etiological 
factor in both sexes. [12] Urodynamic 
data also show that DOA commonly 
occurs in men with BOO due to BPH (pre- 
sent in 52-80%). [13] Some series have 
found that BOO is a predictor of DOA with 
increasing severity of obstruction corre- 
lating to an increasing probability of DOA. 
[12, 14] Meanwhile, others failed to dem- 
onstrate such a relationship suggesting the 
co-existence of BOO and DOA may be 
circumstantial. [15, 16] 


prevalence with aging. 


Empirical clinical evidence also sug- 
gests OAB is not a necessary consequence 
of BOO. Whilst OAB/DOA is often seen in 
men with enlarged prostates, men with 
urethral stricture disease, a constrictive 
obstruction, rarely complain of urgency 
suggesting the development of OAB 
may depend on the type of obstruction. 
A further relevant observation is the 
persistence of OAB after bladder outlet 
surgery in approximately one third of men 
[17] and the persistence of DOA in a sim- 
ilar proportion; [18] suggesting that in 
some individuals OAB/DO has an etio- 
pathogenesis unrelated to obstruction. 
Further evidence of this is provided by the 
work of Chalfin and Bradley, who demon- 
strated the resolution of OAB symptoms 
and DOA in 10 out of 11 patients with 
urodynamically confirmed BOO after 
transperineal injection of lidocaine into 
the prostate despite the persistence of 
BOO. [19] 

In summary, it would appear that BOO 
almost certainly causes OAB/DOA in some 
individuals whereas in others OAB/DOA is 
an entirely coincidental finding due its 
high prevalence, particularly in older 
individuals. 


Pathogenesis of OAB in 
patients with bladder 
outlet obstruction 


Several theories for the development of 
OAB/DO have been proposed and are the 
subject of academic discourse; these have 
been discussed in detail elsewhere in this 
book and in the literature. [20] In terms of 
OAB caused by BOO, morphological 
bladder wall changes (e.g., detrusor wall 
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thickening, increased collagen content, 
changes in neuronal density, increase and 
alteration of adrenoceptors) and func- 
tional bladder wall changes (e.g., partial 
denervation, hypersensitivity of muscarinic 
receptors to acetylcholine, neurotransmitter 
imbalance, changes in electrical properties 
of detrusor smooth muscle cells, reorgani- 
zation of the spinal micturition reflex) are 
thought to contribute to the development 
of DO and/or a reduction in bladder 
capacity. 

Brading’s theory of “Denervation 
hypersensitivity,” [21] based upon a series 
of landmark studies conducted in pigs, 
[22-24] is the most established explana- 
tion for the development of DOA after 
BOO. The cholinergic innervation of pig 
bladders has a significant functional role 
that is more analogous to the human 
bladder than other non-primate mam- 
mals. BOO was created by tying a silk 
suture or placing a metal ring around the 
proximal urethra. The response of bladder 
muscle strips to acetylcholine, muscarinic 
receptor agonists, and intramural nerve 
stimulation was then compared to unob- 
structed controls. An increased response 
to cholinergic stimulation but a reduced 
response to 
observed in the obstructed animals com- 
pared to the controls. These findings were 
suggested as signifying partial denervation 
of the bladder consequent upon obstruc- 
tion with a 
hypersensitivity of the detrusor. This was 
postulated as the reason DOA occurred in 
men with BOO. Studies of blood flow in 
this model showed evidence of prolonged 
episodes of detrusor ischemia which may 
explain the neuronal and biochemical 
changes. [25] 


nerve stimulation was 


resulting post-junctional 


The findings of this work have not 
been consistently reproduced by other 
groups and in other mammals. In some 
cases, no change in cholinergic responses 
occurred or reduced responses were seen 
particularly in the context of long 
standing or severe BOO. [26] Therefore it 
may be the case that DO occurring in 
early/mild obstruction is related to dener- 
vation and increased responses to cholin- 
ergic stimulation whereas in later or 
more severe obstruction there 
alternative mechanism for the develop- 
ment of DO. [27] 

The observation that in most patients 
OAB/DOA resolves after transurethral 
resection of the prostate (TURP) supports 
the notion that BOO is the cause of OAB/ 
DOA. However, the work of Chalfin and 
Bradley would suggest a sensory mecha- 
nism is also plausible. In TURP the first 
part of the operation involves destruction 
of the urothelium and submucosal struc- 
tures of the prostate and bladder neck, 
certain to include afferent nerve endings. 
TURP may therefore resolve OAB/DO not 
by de-obstruction but by de-afferentia- 
tion. Data from the CLaSP (Conservative 
management Laser therapy transurethral 
resection of the Prostate) study would 
support this possibility. [28] Side fire laser 
treatment, although being significantly 
worse than TURP at reducing BOO, was 
equally as effective in reducing OAB and 
DOA. Thus, it may be the case, as Chalfin 
and Bradley had originally proposed, that 
it is an abnormal sensory stimulus from a 
hyperplastic prostate that leads to OAB/ 
DO in men with BOO. A summary of the 
possible mechanism leading to the 
development of OAB/DOA is provided in 
Figure 19.3. 
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Figure 19.3 The aetio-pathogenesis of OAB in men. OAB may arise due to bladder wall changes 
induced by BOO or due a sensory mechanism related to the hyperplastic prostate. Alternatively OAB 
may be caused by changes associated with aging or a separate primary etiology. Nocturnal polyuria 
is an important contributory factor to nocturia, particularly in older patients. 


OAB and the treatment 
of male BOO 


Alpha-blockers 

Alpha-blockers (AB) are the most frequently 
used pharmacotherapy in the treatment of 
men with LUTS/BPH. AB lead to both an 
improvement in voiding and storage LUTS 
in addition to urinary flow rates. [29] The 
overarching view is that AB work by 
inducing smooth muscle relaxation in the 
prostate and bladder neck by antagonism 
of the «a-l adrenoreceptors. [30] The 
implication is that the mechanism for 
their efficacy is the amelioration the 
dynamic component of BOO due to BPH. 
Yet it is apparent that BOO is not present in 
all patients who derive benefit from AB 
treatment and it is often the case that 
patients show considerable symptomatic 
improvement with only minimal (often not 
significant) changes in detrusor voiding 
pressures. [31-33] In addition, the finding of 
BOO on pre-treatment urodynamics was 
shown to have no impact upon the chance 


of treatment success. [31] Consequently, 
it has been suggested that AB may work 
through an alternative mechanism that 
improves OAB/DOA through central or 
peripheral antagonism of o-adrenorecep- 
tors. [34] In particular, the a-1d adrenore- 
ceptor that is present in the bladder body 
and spinal cord has been mooted as having 
an important role in the pathogenesis of 
storage LUTS in men. Studies in obstructed 
animals appear to support this, where 
intrathecal administration of an a-1 type 
selective AB led to reductions in urinary fre- 
quency and DO suggesting an inhibition of 
spinal reflexes. [34, 35] 


Surgery for BOO 

Surgery for BOO due to BPH is often per- 
formed. The estimated lifetime risk for a 
man to require outlet surgery is 29%. [36] 
Longitudinal data from the Veteran’s 
Affairs study in the USA has demonstrated 
that 36% of men with LUTS due to BPH 
randomized to watchful waiting switched 
to invasive therapy within five years of 
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enrolment, [37] whilst in an observational 
study of men with LUTS due to BPH 10, 
24, and 39% of men with mild, moderate, 
and severe baseline symptoms respectively 
required surgery over a four-year period. 
[38] TURP is widely considered as the gold 
standard surgical treatment for LUTS due 
to BPH. [39] A seminal multi-center 
randomized trial comparing TURP with 
watchful waiting (WW) demonstrated a 
52% reduction in risk of treatment failure 
with TURP compared to WW whilst there 
was a 1% risk of urinary incontinence, 
similar to the WW group. [40] 

DOA is present in 31-68% of men who 
had urodynamic evaluation prior to TURP. 
[17, 41, 42] At six months follow-up after 
TURP, DOA resolves in 41-69% of patients, 
which is sustained through to medium 
term follow-up (l-5 yrs). A unique study 
from Bristol (UK) assessing 10-year out- 
comes of TURP showed an increase in DOA 
from 40 to 60% despite patients remaining 
unobstructed. [43] Another study by the 
same group, reporting long-term follow- 
up of patients with untreated BOO, showed 
a similar increase. [44] Taken together, this 
data can be interpreted as indicating that 
the recurrence of DOA is either due to the 
aging process or a degree of re-innervation 
of the prostatic urethra and bladder neck 
with time. 

TURP has an unsatisfactory result in 
around 25-30% of patients. [45] Poor out- 
comes are often attributed to the persis- 
tence of storage LUTS/OAB which are 
typically the ones that the patient found 
most bothersome pre-operatively. [45] It 
should be noted that nocturia in particular 
is highly bothersome as it may impact 
upon quality of sleep leading to daytime 
somnolence and a reduction in quality of 
life. [46] In men with persistent symptoms 


after TURP a range of urodynamic diag- 
noses are found. An analysis of 185 patients 
showed DOA in 19.6%, low detrusor con- 
tractility in 18.7%, detrusor hyperactivity 
with impaired contractility (DHIC) in 
14.4%, poor relaxation of the urethral 
sphincter in 19.3%, and BOO in 27.8% 
whilst 10% had a normal study. [47] A 
further study showed DOA in 50% of 
patients, finding no difference in total, void- 
ing, and storage symptom scores between 
patients with and without DOA. [48] This 
emphasizes the need for a repeat urodynamic 
assessment before any further invasive 
therapy is considered. 

Whether the presence of OAB/DOA 
pre-operatively predicts a poorer outcome 
of TURP is unclear. In a study of 127 men 
followed up with urodynamics at three 
months post-operatively, there was no 
difference in pre-operative International 
prostate symptom storage scores between 
patients who had improved and those who 
had not. The authors did note a tendency 
to “more bladder irritability” and slightly 
less obstruction in those not improving. 
[49] A smaller study, including 37 patients, 
found pre-operative DOA did not impact 
on the rate of re-operation whilst BOO 
co-existent with DO did not lead to a 
decrease in the efficacy of surgery. [50] 
Another study assessed the impact of type 
of DOA on treatment outcome in 19 men 
who had undergone TURP, finding that 
patients in whom DOA manifested as 
single large terminal contraction were 
more likely to show resolution of DOA at 
six months post-operatively compared to 
those with phasic systolic contractions and 
poor compliance. [51] 

In practice, persisting symptoms after a 
TURP will resolve spontaneously in most 
patients. It should be emphasized that this 
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can take anywhere from a few weeks to a 
year. Apart from residual BOO and DOA, 
such symptoms could also be attributable 
to prolonged wound healing, infection, 
and bladder neck irritation. [49] In patients 
in whom OAB symptoms do not resolve, 
an antimuscarinic (anti-M) can be trialed. 
A urodynamic study should be repeated 
before consideration is given to any further 
invasive intervention. If persistent DOA is 
found, intravesical botulinum toxin may 
be considered. If there is strong evidence 
that the patient remains obstructed due to 
BPH, re-operation may be contemplated 
taking into careful consideration other 
important factors such as the severity of 
voiding symptoms. Certainly repeat sur- 
gery should not be rushed into. There is a 
need for further studies investigating the 
management of persistent OAB/DOA after 
TURP. 


BOO and antimuscarinics 


Anti-Ms were traditionally contraindicated 
in men due to the fear of precipitating 
urinary retention. A large number of well- 
designed, randomized controlled trials have 
now demonstrated the safety and efficacy 
of anti-Ms as a single agent or in 
combination with an AB in the treatment 
of storage LUTS in men. [52] Relatively 
fewer studies have assessed the use of anti- 
Ms in men with urodynamically confirmed 
BOO, as in practice pharmacotherapy is 
usually commenced on the basis of symp- 
toms before a urodynamic assessment is 
undertaken. Abrams et al. conducted one 
of the first such studies, assessing toltero- 
dine 2mg BD ina small randomized trial in 
men over 40 years with BOO and DOA. 
[53] A total of 149 and 72 men were 


randomized to tolterodine and placebo 
respectively. Urodynamic studies were 
performed at baseline and at 12 weeks. 
There was no significant difference in terms 
of Qmax and pdet@Qmax between the 
groups at baseline. At 12 weeks, tolterodine 
caused a reduction in the bladder contrac- 
tility index (BCI) (-5 vs. +5, p=.0045) and 
an increase in PVR compared to placebo 
(25 ml vs. Om], ps .004). Urinary retention 
was reported in only one patient who had 
received placebo. The incidence of adverse 
events was similar between the groups. A 
further eight-week study by Lee demon- 
strated a similar small rise in PVR with the 
anti-M propiverine (in combination with 
doxazosin) and no increased risk of urinary 
retention. [54] Although longer term 
studies are needed, these data suggest anti- 
Ms have little impact on risk of urinary 
retention in men with BOO. Most national 
and international guidelines now make 
recommendations on the institution of 
anti-M therapy in men; readers should 
refer to their local guidance. 


Conclusions 


The relationship between OAB and BOO is 
complex and incompletely understood. In 
some individuals it would appear that OAB 
is a direct consequence of BOO, witnessed 
by the prompt resolution of symptoms 
after medical or surgical therapies. This 
supposition is supported by animal studies 
which demonstrate DOA following after 
BOO is induced by ligation of the urethra. 
In other individuals, OAB symptoms and 
DOA may have a separate etiology or occur 
as part of the aging process. The mecha- 
nism by which therapies targeting the 
bladder outlet, such as AB or TURP, work 
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may not be as simple as previously thought. 
It is probable that TURP improves OAB by 
de-affrentiation of the prostatic neurons 
whilst AB may inhibit bladder reflexes 
through a central mechanism. A better 
understanding of the genesis of OAB symp- 
toms and DOA in the context of BOO will 
help to better delineate which patients are 
likely to respond to de-obstructive surgery. 
There is need for further studies addressing 
the management of persistent OAB/DOA 
after TURP. 
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CHAPTER 20 


Synthesis of practical approaches to 


overactive bladder 


Jacques Corcos 
Department of Urology, McGill University, Montreal, Canada 


KEY POINTS 


personal expectations. 


e Take the time to conduct a thorough interview and include validated questionnaires. 

e Rule out secondary causes of OAB (neurogenic, obstruction, localized disease). 

e Behavioral therapy and physiotherapy are the first-line treatments. 

e Pharmacotherapy has evolved and should be well monitored. 

e Intractable OAB is a major challenge, requiring well-defined, step-by-step management. 


e A significant number of patients find that the results of the treatment do not correspond with 


Two groups of patients with OAB symptoms 
are usually encountered in physician prac- 
tice: the more predominant group com- 
prises “naive” patients consulting, for the 
first time, for bothersome symptoms; and 
the second group is referred by other physi- 
cians after failed OAB management. 


Initial management of 
“naive” patients with OAB 
symptoms 


The first visit by patients complaining of 
frequency, urgency with or without incon- 
tinence, and nocturia has to be complete 


and detailed to identify the cause(s) of these 
symptoms and how bothersome they are. 
Current medication, allergies, past med- 
ical and surgical history have to be consid- 
ered in detail. History of symptoms, their 
onset, progression, and impact on daily life, 
social and personal activities are recorded. 
Several validated questionnaires can be 
administered in this evaluation. Initially 
used questionnaires can be repeated at 
each visit and become excellent treatment- 
surveillance tools. These specific question- 
naires are relatively easy to administer in 
specialized practice where most patients are 
consulting for voiding dysfunction and fill 
in the same questionnaire before seeing 
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physicians. They are obviously more diffi- 
cult to integrate in more general practice 
and are then usually completed after hav- 
ing seen practitioners, limiting their utility. 

Physical examination comprises complete 
pelvic assessment, obviously including digital 
rectal examination in men and vaginal 
examination in women. Post-void residual 
evaluation by bladder scan is mandatory to 
complete this examination. 

Basic blood work-up with creatinine 
and glucose evaluation as well as urine 
analysis is usually suggested at the first 
visit. 

This initial clinical evaluation, which is 
much more detailed and referenced in 
Chapters 5 and 6, will give a good idea of 
possible symptom origin. The symptoms 
could be “primary,” with no obvious cause, 
or “secondary” to obstruction, neurogenic 
conditions, and so on. This practical guide 
focuses on primary OAB. 

Behavioral modification, also called 
lifestyle change, involves the elimination 
of dietary irritants, management of fluid 
intake, weight control, bowel regularity, 
and smoking cessation. It has been shown 
that independently and, if well done, these 
changes alone can make a real difference 
in patients’ symptoms. In Chapter 7, D. 
Newman reviews all evidence and tech- 
niques to implement such measures in 
clinical practice. 

Physiotherapy is widely used in Europe 
for various pelvic floor dysfunctions, as 
developed by K. Bo in Chapter 8. In North 
America, physiotherapy is not yet part of 
the OAB treatment algorithm, but will 
probably find its place in the future based 
on evidence coming from Europe. 

Practically speaking, and to avoid too 
frequent visits to the patient, it is usual to 
suggest lifestyle changes and to give first- 


line medication at the first consultation. 
Medication is mainly in the form of anti- 
cholinergics and/or B3-agonists. The dos- 
ages of these drugs have to be tailored to 
the age, gender, and body mass index of 
each patient, to avoid discontinuation 
because of poor tolerance. Patients have to 
be informed of side-effects and educated 
on how to prevent/minimize them. This 
information to patients is an important 
part of prescriptions, and a nurse conti- 
nence advisor (NCA) can often be helpful 
in this respect. 

Details of different drugs, their mecha- 
nism of action, medication interaction, 
dosage and “best use” appear in Chapters 9 
and 10 by Dmochowski and Davila, respec- 
tively. New pharmacological avenues are 
in the industry’s pipeline and promise 
better efficacy and side-effect profiles than 
existing therapies. Chapple et al. explore 
medication combinations in Chapter 12. 
K.E. Anderson develops the future of phar- 
macological manipulations in Chapter 11. 

Either physicians or NCAs must see 
patients again, four to six weeks after 
treatment initiation, to review progress 
with lifestyle change and response to med- 
ication. Some patients will respond better 
and tolerate one anticholinergic rather 
than another; this is why, in case of intol- 
erance or inefficacy, alternative drug(s) 
can be offered. The recent availability of 
63-agonists represents a new, interesting 
treatment avenue, as first- or second-line 
modalities, or even associated with anti- 
cholinergics. More data are presently 
needed to better understand their best 
place in the OAB treatment algorithm. 

If patients respond well to first-line 
treatment, continuation of treatment for six 
months and stoppage are usually proposed. 
Some patients will see their symptoms 
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disappear after just a few months of 
treatment; others will have to continue to 
take the same medication for a longer time 
period. In these cases, stopping medication 
has to be suggested from time to time. 


Patients failing initial 
management 


These patients have usually taken their 
medication properly and completed their 
lifestyle change program without experi- 
encing real improvement of their OAB 
symptoms. Often, they will be referred to a 
specialized center and, for some physicians, 
they constitute the type of OAB patients 
who are seen most often. 

These patients will report that their 
physician(s) have tried everything and that 
nothing worked! They are considered to 
have an “intractable bladder” or, more pre- 
cisely, “oral drug-resistant OAB.” These 
patients are frequently desperate, and 
happy to be referred to a “specialized” 
center. 

In our specialized practice, we propose a 
seven-step approach to their management: 


Step 1: Reassess patients 

We consider the entire medical history to 
precisely ensure that previous physician(s) 
did not miss any detail that may have 
related the condition to existing disease. 
Symptoms of neurological disease, obstruc- 
tion, or medication with anticholinergic or 
diuretic effects are examples of often- 
missed conditions. 

Physical examination will include neu- 
rological assessment and evaluation of 
sphincter function with full bladder (stress 
test) to eliminate mixed urinary inconti- 
nence (MUI). Patients with MUI will not 


be fully satisfied, most of the time, if OAB 
symptoms are treated alone, leaving the 
stress incontinence component untreated. 

Urodynamic study is mandatory in these 
intractable OAB cases, as it often reveals 
significant uninhibited detrusor contrac- 
tions not usual in primary OAB and more 
compatible with a neurological condition. 

Imaging techniques, and particularly 
spine magnetic resonance imaging, are 
often requested to eliminate a neurological 
explanation of the condition. 


Rule 2: Understand exactly what 
is bothering them 

Most of the time, patients will consult for a 
specific reason that is impairing their quality 
of life. We should not set their expectations 
too high. To return to completely normal 
bladder function is often an illusion. If 
patients are mainly bothered by their noc- 
turia not allowing them to rest properly, by 
frequency not allowing them to play cards, 
by incontinence not allowing them to sleep 
at their children’s’ or friends’ homes, and so 
on, our objective must be to correct such 
specific problems. Setting treatment objec- 
tives increases chances of success. 


Rule 3: Review lifestyle changes 
Behavioral changes are reviewed in detail 
to ensure that patients understand them 
and try them. Once again, NCAs can be 
extremely helpful not only in implement- 
ing such measures, but also in patient 
follow-up and continuous motivation. 


Rule 4: Review past/current 
medications 

An exact list of already-tried OAB medica- 
tions should be compiled along with the 
exact reason(s) why they were stopped. 
Often, the starting dose is not adjusted for 
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each patient, and the prescribed dose is too 
high. Re-starting these drugs with the 
proper initial dosage and increasing them 
progressively under NCA supervision are 
often the best approach. Help and recom- 
mendations to improve dry mouth and/or 
constipation also improve tolerability and 
compliance with anticholinergics. 


Step 5: Consider adding 
medication 

The unclear place of £3-agonists has 
already been discussed and will become 
apparent “au fur et a mesure” when research 


studies have been completed and their 
results published. Drugs, such as DDAVP, 
with their various presentations, could be 
extremely useful in patients complaining 
mainly of nocturia. 


Step 6: Intensify follow-up 

Such cases, which are difficult to manage, 
need much more attention than simple 
OAB patients. These subjects are frus- 
trated, and good telephone follow-up by 
NCAs, in association with regular physi- 
cian visits, is often necessary to adjust/ 
change medication. 


Diagnosis & treatment algorithm: AUA guideline on non-neurogenic overactive bladder in adults 


Diagnosis unclear or 
additional information 


History and physical; Urinalysis mended 


Patient education: 

- Normal urinary tract function 

- Benefits/risks of treatment alternatives 
- Agree on treatment goals 


Patient desires treatment and/or 
treatment is in patient's best interests 


Behavioral treatments* 
(consider adding anti-muscarinic if partially effective) 


! Treatment goals not met; Patient desires further : 
treatment and/or further treatment in patient's 
best interests 


Anti-muscarinics* with active management of adverse 
events; consider dose modification or alternative medication 
if initial medical treatment is effective but adverse events or 
other considerations preclude continuation 


! Treatment goals not met; Patient desires further : 
! treatment and/or further treatment in patient's best : 
: interests f 


Reassess and/or refer; consider urine culture, post-void 
residual, bladder diary, symptom questionnaires, other 
diagnostic procedures as necessary for differentiation 


best interests 


The complete OAB guideline is available at 
www.AUAnet.org/Guidelines. 


} Signs/symptoms consistent : 

: with OAB diagnosis 

: Treatment goals not met; : 
Patient desires further 

: treatment and/or further : 
treatment in patient's 


Consider urine culture, post-void 
residual bladder diary, and/or 
symptom questionnaires 


Not OAB or Complicated 
OAB; treat or refer 


; Signs/symptoms of OAB : 


Follow-up for efficacy 
and adverse events 


In extremely rare cases, 
consider urinary diversion 
or augmentation 
cystoplasty 


Treatment goals met 


Consider in carefully-selected patients 
(multiple therapies may be tried but they should not be combined): 


 Intradetrusor 
onabotulinumtoxinA. 


e Sacral neuromodulation (SNS) or 


Peripheral tibial nerve 


stimulation (PTNS) or 


*As of June 28, 2012, B3-agonist class of medications (i.e., mirabegron) has been approved by the FDA for 
OAB treatment. This class of medications was not reviewed by this guidelines panel, as it has been FDA-approved 


since the Guideline publication. Prescribing clinicians are advised to educate themselves regarding the cost-benefit 
and adverse event profile for those pharmaceutical agents they prescribe. 


Figure 20.1 OAB algorithm of care. 


Synthesis of practical approaches to overactive bladder 
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Step 7: Take the time to explain 
alternative treatments in detail 
to patients who fail all these 
measures 
Botulinum toxin injections, neuromodula- 
tion by tibial nerve stimulation or sacral 
root neuromodulation, and, ultimately, 
surgery have to be offered rationally to 
each patient, depending on availability, 
cost, patient choices, and expectations. All 
these techniques are covered in detail in 
Chapters 15 to 19. 

If well applied, this stepwise approach 
to primary OAB will give the best results. 


Specialized centers must be able to offer 
the whole spectrum of treatment. Lifestyle 
changes are always necessary, whatever 
other approaches are proposed. Oral medi- 
cation remains the simplest treatment and 
the one given in proportion to the best 
results obtained. Others are much more 
invasive and costly, and should be reserved 
for use in expert centers after each of these 
steps has been attempted. 

The American Urological Association 
guideline algorithm for OAB management 
is appended for a more visual under- 
standing of this approach Figure 20.1. 
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Figure 2.4 Clinical score (CS) is correlated to bladder tissue remodeling in EAE mice. (a) The bladder- 
weight-to-body-weight ratio increase correlates with increasing clinical score (CS) in EAE mice 
compared to CFA-immunized mice. (b) Histological examination showed bladder hypertrophy and 
lumen dilation in the EAE mice relative to the CFA control mice, corresponding with increasing CS. 


Overactive Bladder: Practical Management, First Edition. Edited by Jacques Corcos, Scott MacDiarmid 
and John Heesakkers. 
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd. 


(9 


Figure 2.5 Morphological modification of lamina propria. Characterization of upper lamina propria 
interstitial cells in bladders from control (a) and (c) and MS patients (b) and (d) with CD34 (a) and 
(b) and SMA (c) and (d). Scale bar: 50pm. Adapted from Gevaert 2011 [52]. Source: Reproduced with 
permission of John Wiley & Sons Ltd. 
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Figure 5.1 Detrusor overactivity without urinary incontinence. Note the rise in detrusor pressure (P,.,) 
and vesical pressure (P „) without a rise in intra-abdominal pressure (P.,,,). Increased sensation and 


ves 


urgency are noted at low fill volumes. This tracing also illustrates terminal DO. 
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Figure 15.1 Organization of the lower lumbar, sacral, and coccygeal nerve plexus, the merger of the 
various roots and the most important nerves that branch from the merged nerve plexus. The tibial nerve 
has it’s offspring in the sacral roots of mainly S2 and S3. Source: Basic Human Anatomy: A Regional Study 


of Human Structure. Source: http://www.dartmouth.edu/~humananatomy/figures/chapter_30/30-6. 
HTM#top. Reproduced with permission of Ronan O’Rahilly, MD. 


Figure 15.3 The Urgent-SQ implant consisting of an internal electromagnetic pulse receiver, the body 
with two leads, and monopolar platinum electrodes. 


Figure 15.4 Site of implantation during surgery. The two electrodes are placed on tow opposite sides of 
the tibial nerve just proximal to the medial malleolus. 


Figure 16.1 BoNT/A consists of a heavy and a light chain linked by a disulphide bond. Source: Lacy, D.B., 
Tepp, W., Cohen, A.C., DasGupta, B.R., Stevens, R.C. (PDB-Bild 3BTA) [CC-BY-SA-2.0-de (http:// 
creativecommons.org/licenses/by-sa/2.0/de/deed.en)], via Wikimedia Commons. 


Urine 
(pH changes, temperature changes, mechanical stretch) 


TRPV1 
at 


Figure 16.2 BoNT/A has been proposed to affect at multiple levels the complex system of interactions 
between the release of neurotransmitters and actions on receptors located on the bladder pathways 
which are thought to be involved in mechanosensation. This cartoon representation of the human 
bladder wall with known or proposed location of receptors and sites of release of neuropeptides and 
growth factors has been updated from the relevant Figure in reference [5]. Abbreviations: bl=basal 
lamina of urothelium, mf=myofibroblast layer, det= detrusor muscle. All connections identified by 
arrows (see reference [5] for arrow identification) are thought to be upregulated in detrusor 
overactivity. Apostolidis 2006 [5]. Source: Reproduced with permission of Elsevier. 


Abbreviations: 

TRPVI: Transient Receptor Potential Vanilloid 1 

P2x;,: ionotropic purinergic receptor type 3 
P2Y,/P2Y,/P2Y,: metabotropic purinergic receptors types 2, 4 and 6 
M2/M3: muscarinic acetylcholine receptors types 2 and 3 
a, OL, nicotinic acetylcholine receptors types 3 and 7 
NKI: Neurokinin receptor type 1 (SP receptor) 

SP: Substance P 

NGF: Nerve Growth Factor 

BDNF: Brain Derived Neurotrophic Factor 


ACh: Acetylcholine, ATP - Adenosine Triphosphate 
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Figure 16.3 2D (left) and 3D (right) cartoon representation of the onabotulinumtoxinA bladder injection 
technique in NDO/OAB patients. According to the original description by Schurch et al. [68], each 100 U 
toxin vial was diluted in 10ml normal saline, and 1 ml of the dilute was delivered at each injection site. The 
bladder wall is virtually mapped by the surgeon and injection sites should be at a distance of 21cm from each 
other and exclude the trigone in a half-full bladder. The injection needle should be adequately inserted (up 
to 4mm) to achieve a detrusor muscle delivery, minimizing at the same time the risk of injecting outside a 
thinned bladder wall by overdistension. Schurch 2000 [68]. Source: Reproduced with permission of Elsevier. 
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Figure 17.5 The different stages of composite cystoplasty. (a) To develop a vascularized, de-epithelialized 
seromuscular segement, a Foley catheter was inserted rectally and the balloon filled with sterile water 
within the portion of sigmoid bowel to be dissected. The dissection limits of the bowel and mesentery were 
defined. (b) Using the balloon as a support, the seromuscular layer of the bowel was incized and separated 
from the lamina propria deep to the mucosa. (c) The vascularized, deepithelialized patch was isolated and 
received the autologous tissue-engineered urothelial cell sheet in complex with the Vicryl mesh. The 
mesenteric fenestration was closed to prevent internal hernia. (d) The bladder was opened widely and 
augmented with the composite bowel segment. Gentle distension of the augmented bladder was 
maintained with a silicone vesical conformer. Urine was diverted post-operatively with ureteric stents and 
a Malecot suprapubic catheter. Stages (c) and (d), respectively, are illustrated in (e) and (f) during an 
actual composite cystoplasty operation. (e1) Patches of Vicryl mesh supporting urothelial cell sheets 
against de-epithelialized colon; (e2) vesical conformer (collapsed); (e3) opened native bladder; (e4) 
Malecot suprapubic catheter; (e5) filling tube for vesical conformer; (e6) detubularized colon; (e7) ureteric 
catheters. Turner A, Subramanian R, Thomas DF, Hinley J, Abbas SK, Stahlschmidt J, Southgate J. 
Transplantation of Autologous Differentiated Urothelium in an Experimental Model of Composite 
Cystoplasty J. Eur Urol. 2011 Mar;59(3):447-54. Source: Reproduced with permission of Elsevier. 
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